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Abstract

Syrén, E.-L. 2021. Risk factors for and Strategies to Prevent Complications of Endoscopic
Retrograde Cholangiopancreatography. Digital Comprehensive Summaries of Uppsala
Dissertations from the Faculty of Medicine 1752. 79 pp. Uppsala: Acta Universitatis
Upsaliensis. ISBN 978-91-513-1232-3.

Aim: The overall aim of this thesis was to study risk factors for and strategies to prevent
complications of Endoscopic Retrograde Cholangiopancreatography (ERCP).

Methods: Prospectively registered data from the Swedish National Quality Register
for Gallstone Surgery and ERCP (GallRiks) 2006-2018 were retrospectively retrieved and
reviewed. In Study I, ERCP procedures performed for common bile duct stones (CBDS),
were analysed and cross-checked with the National Patient Register (NPR) in order to assess
risk factors for post-ERCP pancreatitis (PEP). In Study II, different techniques for CBDS
clearance over time at different hospital levels and the effectiveness and safety of postoperative
rendezvous ERCP compared to intraoperative rendezvous ERCP were studied. In Study III,
the rate of postoperative cardiovascular events in CBDS-patients treated with ERCP only,
cholecystectomy only, cholecystectomy followed by delayed ERCP, cholecystectomy together
with ERCP, or ERCP followed by delayed cholecystectomy were analysed. In Study 1V,
associations between ERCP success and complications, and endoscopist- and centre case-
volumes regarding procedures for CBDS, and suspected or confirmed malignancy were
analysed.

Results: Women, patients<65 years, patients with hyperlipidaemia, and those with a previous
history of recent acute pancreatitis had a higher risk for PEP, while patients with diabetes had a
lower risk (all p<0.05). Intraoperative ERCP increased during the period of the study, whereas
preparation for postoperative ERCP decreased. CBDS management differed between different
hospital levels. Total rate of intra- and postoperative complications as well as intraoperative
bleeding, postoperative bile leakage, and postoperative infection with abscess were higher in
the postoperative rendezvous ERCP group (all p<0.05). However, PEP, postoperative bleeding,
cholangitis, percutaneous drainage, antibiotic treatment, ICU stay, readmission/reoperation
within 30 days, and 30-day mortality did not differ between the groups. Nor did risk for
cardiovascular complication or death within 30 days differ between patients treated for CBDS
by cholecystectomy and/or ERCP. A high endoscopist case-volume was associated with higher
successful cannulation rate and lower PEP rate (p<0.05). Centres with a high annual case-
volume were associated with higher successful cannulation rates (p<0.05).

Conclusions: Age, sex, hyperlipidaemia, and previous history of recent acute pancreatitis all
increased the risk for PEP while diabetes reduced the risk. Techniques for management of CBDS
discovered at cholecystectomy have changed over time and differ between hospitals levels.
Though intraoperative rendezvous ERCP is the method of choice, postoperative rendezvous
ERCP is an acceptable alternative when adequate ERCP resources are lacking or limited.
Primary ERCP as well as cholecystectomy for CBDS may be performed with acceptable safety.
Higher endoscopist- and centre case-volumes lead to safer and more successful ERCP.
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“To struggle and to understand. Never the last without the
first. That is the law.”

George Herbert Leigh Mallory (18 June 1886 — 8 or 9 June
1924)

British teacher, explorer, and mountaineer

“ERCP is most dangerous for people who need it least”

Peter B. Cotton (born 1939),

British Gastroenterologist

To Johan
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Endoscopic Retrograde Cholangio- pancreatography
Endoscopic Sphincterotomy

Extracorporeal shock wave lithotripsy
Endoscopic Ultrasonography
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Surgery and ERCP

International Classification of Diseases
Intraoperative Cholangiography
Laparoscopic Cholecystectomy
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Introduction

Since 2007, when I became a specialist in General Surgery, my clinical work
has focused on Endoscopic Retrograde Cholangiopancreatography (ERCP)
and advanced endoscopy. Over the last decade there has been considerable
technical progress in advanced endoscopy. Minimally invasive methods for
imaging and treating patients with diseases of the upper gastrointestinal tract
such as biliary stones and malignancy, have become methods of choice while
some open surgical procedures are seldom performed today. In Sweden, in-
traoperative rendezvous ERCP has become the predominating method for
managing choledocholithiasis detected at cholecystectomy, and peroral chol-
angiopancreatoscopy is now a natural part of the ERCP procedure.

Unfortunately, ERCP complications are still quite common and sometimes
life-threatening despite technical progress and national and European treat-
ment guidelines. In the Swedish National Quality Register for Gallstone Sur-
gery and ERCP (GallRiks), which started 2005, the frequency of the most
common surgical ERCP complication, Post-ERCP Pancreatitis (PEP), has re-
mained constant over the years. In my research I have chosen to focus on risk
factors for ERCP complications and how to avoid them.
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Background

Common bile duct stones, cholecystectomy and
intraoperative cholangiography

The lifetime risk of developing gallstones is approximately 20%. Of those who
have gallstones >20%, or about 2—3% per year, develop symptoms or com-
plications secondary to the stones. Risk factors for gallstones include female
sex, age, pregnancy, physical inactivity, obesity and over-nutrition [1-4].
Common bile duct stone (CBDS) is relatively frequent with a prevalence of
10-20% in patients with gallstones. CBDSs are associated with serious condi-
tions, such as obstructive jaundice, acute cholangitis, and acute pancreatitis
[5]. Transabdominal ultrasound combined with adequate assessment of clini-
cal symptoms and elevated liver function tests, is often used as a first-line
diagnostic tool for CBDS. In cases with persistent clinical suspicion but insuf-
ficient evidence of stones on ab- ‘

dominal ultrasonography, endo-
scopic ultrasonography (EUS), or
magnetic resonance cholangio-
pancreatography (MRCP) are the
methods of choice (sensitivity
97% vs. 90% and specificity 87%
vs. 92% for EUS and MRCP, re-
spectively) [6, 7].

Laparoscopic cholecystectomy
(LAC) is the method of choice for
treatment of gallstone disease
worldwide. In Sweden alone, 13
000 cholecystectomies are per-
formed each year, predominantly
using the laparoscopic technique  Figyre 3. ERCP as treatment for CBDS.
[8-10]. Intraoperative cholangi-
ography (IOC) has been shown to be effective in visualising the anatomy of
the biliary tree and detecting CBDS, found at 10-15% of operations [8-13].

Four strategies to manage CBDS are available: preoperative endoscopic
retrograde cholangiopancreatography (ERCP) plus LAC; LAC plus laparo-
scopic stone extraction; LAC plus intraoperative ERCP, also called rendez-
vous; and, finally, LAC plus postoperative ERCP. The optimal method for
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managing CBDS as well as
the timing of treatment is still
the subject of debate, and
treatment regimen decisions
are largely based on local tra-
ditions [14]. A meta-analysis
comparing preoperative
ERCP plus LAC, LAC plus
LC, LAC plus intraoperative
laparo-endoscopic  rendez-
vous (LERV), and LAC plus
postoperative ERCP  con-
cluded that the combination
of LAC and LERV had the
lowest rate of complications
and appeared to be the most
successful [15]. One-stage
procedures, if logistically

Figure 4. LC plus LERV at Akademiska possible, are preferable since

Hospital, Uppsala. they result in shorter hospital
stay and a higher success rate
[16, 17].

Leaving common bile duct stones in situ

Even if the natural history of CBDSs is not fully understood there are data and
guidelines advocating an active approach to clear the common bile duct [18,
19]. A GallRiks study in which 3969 patients with CBDSs on IOC were in-
cluded concluded that if CBDSs are detected, they should be extracted to
avoid late complications. Within 4 years follow-up, 25.3% of patients with
CBDSs in situ developed complications (pancreatitis, cholangitis, or obstruc-
tion of the bile duct) vs. 12.7% of patients who had undergone CBDS removal
(odds ratio [OR] 0.44, 95% CI 0.35-0.55). The likelihood of an unfavourable
outcome increased with size of CBDS, but the complication rate for CBDS
less than 4mm was still 5.9% vs. 8.9% for larger CBDSs (OR 0.52, 95% CI
0.34-0.79) [20]. However, previous studies have shown that many small
stones pass into the duodenum spontaneously without serious complications.
They may thus be left in situ, thereby sparing the patient a potentially unnec-
essary and harmful intervention [21-23]. A conservative approach can there-
fore be considered in fragile patients at high risk for complications of surgical
or endoscopic CBDS extraction [19].
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Laparoscopic transcystic stone extraction and
laparoscopic choledochotomy

Established options to treat choledocholithiasis include Laparoscopic
Transcystic Stone Extraction (LTSE) and Laparoscopic Choledochotomy
(LC). Both techniques have some limitations and are technically challenging,
but have been shown to be effective in the treatment of bile duct stones, with
low morbidity compared to the traditional alternative of Open Common Bile
Duct Exploration (OCBDE) the use of which has decreased in recent years
[24-29]. Laparoscopic cholecystectomy plus LBCDE appears to reduce the
risk for acute pancreatitis but may be associated with a higher risk for biliary
leakage [15].

Endoscopic retrograde cholangiopancreatography

Endoscopic Retrograde Cholangiopancreatography (ERCP) is an effective
method to investigate and treat diseases of the biliary and pancreatic ducts
such as choledocholithiasis and
malignancy. In Sweden, ERCP
has become method of choice for
treatment of CBDS detected by
10C, and about 9000 ERCPs are
performed each year [8-10]. In an
unselected population-based set-
tings, successful cannulation is
achieved in >85% of cases [9, 30].
The complexity of ERCP, how-
ever, ranges from uncomplicated
extraction of small stones to ex-
tremely challenging procedures
such as hilar stenting, Electrohy-
draulic Lithotripsy (EHL) for dif-
ficult stones, or oral cholangi-
opancreatoscopy. ERCP com-
plexity can be graded according to
Schutz’s criteria [31].

Figure 5. ERCP in a patient with Primary
Sclerosing Cholangitis.
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Table 1. Schutz classification of complexity of ERCP.

Grade 1: sim-
ple diagnostic
ERCP

Standard diagnostic cholangiogram/pancreatogram

Grade 2: sim-
ple therapeutic
ERCP

Standard biliary sphincterotomy; removal of 1-2 small com-
mon duct stones (< 1 cm); nasobiliary drain placement

Grade 3: com-
plex diagnostic
ERCP

Diagnostic cholangiogram/pancreatogram, Billroth I anatomy,
biliary/pancreatic cytology, minor papilla cannulation

Grade 4: com-
plex therapeu-

Multiple (> 3) or large (> 1 cm) common duct stones, cystic
duct or gallbladder stone removal, common duct stricture dila-

tic ERCP tion, common duct stenting (plastic or metal)

Grade 5: very | Precut biliary sphincterotomy, stone removal with lithotripsy
advanced (any type), intrahepatic stone removal/stricture dilation, biliary
ERCP therapy, Billroth II anatomy, cholangioscopy

All forms of pancreas therapy (pancreatic sphincterotomy,
stenting or stone removal, any minor papilla therapy), any
pseudocyst drainage (transpapillary, transgastric, transduode-
nal), pancreatoscopy

Another classification system for the complexity of ERCP is the Cotton clas-
sification from 2011. This system is based on experienced endoscopists’ com-
plexity grading of different endoscopic procedures that also takes into account
the endoscopist’s own experience [32].

Table 2. Cotton classification of complexity of ERCP.

Grade 1 Diagnostic ERCP, brush cytology

Grade 1.5 Stent exchange, stent extraction

Grade 2 Biliary leak, CBDS <10mm, extrahepatic stent, prophylactic pan-
creatic stent

Grade 3 Pancreatic stones <Smm, CBDS >10mm, migrated stents, pancre-
atitis, SOD, papilla minor, pancreatic strictures, hilar strictures,
intrahepatic stones, intraductal imaging (cholangio/pancreatog-
raphy)

Grade 3.5 Migrated pancreatic stents

Grade 4 Pancreatic stones >5mm or fixed stones, intraductal therapy
(EHL), ampullectomy, Roux-en-Y, pseudocysts, necrosectomy

+ 1 point Billroth II anatomy, child <3 years, previously failed procedure or

for procedure performed outside working hours

The lack of validation of existing complexity grading scales, and the need to
compare results from different endoscopic centres and allocate resources, re-
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quires a new ERCP complexity grading scale. An example of a modern grad-
ing scale is the H.O.U.S.E. classification which was first presented in 2017
[33]. This was developed at the Karolinska University Hospital, Huddinge, to
motivate increasing costs and procedure times, thereby optimising resources
regarding advanced endoscopic procedures. H.O.U.S.E. is an abbreviation of
the first letter of the name of the hospital Huddinge followed by the first letters
of the names of the authors (Olsson, Urban, Swahn, and Enochsson). The scale
was designed after a review of the medical records of every patient undergoing
ERCP at Karolinska Hospital 2009-2011 (1931 procedures). The H.O.U.S.E
and Cotton scales classify procedure complexity into three grades. Since all
ERCP procedures were registered in GallRiks, correlations could be made be-
tween grading systems and procedure-related variables and outcome. The
H.O.U.S.E. score was associated with procedure time, procedure complexity,
and frequency of adverse events [33].

Table 3. H.O.U.S.E. classification of complexity of ERCP.

H.O.U.S.E.1 | Diagnostic ERCP, EST, CBDS, single stent, brush cytology, in-
traoperative rendezvous ERCP

H.O.US.E. 2 | Intrahepatic stone, multiple stents, pancreatic ERCP, PSC or
liver transplantation, intrahepatic interventions, prophylactic
pancreatic stent, “caged” papilla, ERCP with ESWL
H.O.U.S.E. 3 | Pancreatic sphincterotomy and lithotripsy, spy-glass, mother-
baby-scopy, EHL, multiple pancreatic stents, papillectomy, con-
focal endoscopy, PTC- or EUS-rendezvous

Altered anatomy: Billroth II, Roux-en-Y, Whipple, Gastric by-
pass, ERCP via enteroscopy

ERCP has traditionally been performed as a two-stage procedure, either pre-
operative ERCP prior to cholecystectomy, or cholecystectomy followed by
postoperative ERCP. Since 4-18% of attempted ERCPs fail due to inability to
cannulate the bile duct, and since ERCP may lead to serious complications,
the intraoperative laparo-endoscopic rendezvous (LERV) became the method
of choice in most hospitals [8-10].

Intraoperative rendezvous ERCP

The technique of LERV was first described in 1993 by Deslandres et al [34].
In this technique access to the common bile duct is facilitated by a guidewire,
which is introduced intraoperatively, under fluoroscopic control, antegrade to
the duodenum through the cystic duct. According to GallRiks data, the success
rate of passing the transcystic guidewire into the duodenum is >80% and there
is less traumatic manipulation of the papilla Vateri [35, 36]. Several studies
have shown intraoperative rendezvous ERCP to have a high rate of CBDS
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clearance with few complications, particularly post-ERCP pancreatitis,
compared to conventional ERCP [36-45].

Figure 6. Intraoperative
rendezvous ERCP, drawing
by Fredrik Swahn.

Figure 7. Intraoperative rendezvous ERCP.
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Postoperative rendezvous ERCP

In postoperative rendezvous
ERCP, the antegrade transcystic
guidewire is passed into the du-
odenum and anchored to the
cystic duct with clips. The other
end of the guidewire is then
passed through the abdominal
wall and attached by tape to the
skin, leaving the guidewire in
situ. The cholecystectomy is
then completed and the rendez-
vous ERCP conducted at a later
second session, usually within 1-
2 days.

Intraoperative  rendezvous
ERCEP is preferred since it is as-
sociated with shorter hospital
stay, reduced cost, and appears
to have lower morbidity than
postoperative rendezvous ERCP
[14, 46-48]. Postoperative ren-
dezvous ERCP is an alternative
to intraoperative ERCP in situa-
tions where adequate endoscopic Figure 8. Postoperative rendezvous ERCP,
resources are limited or lacking. drawing by Fredrik Swahn.

Nustration by F. Swahn

Figure 9. Patient prepared for postoperative rendezvous ERCP and subsequent post-
operative rendezvous ERCP.
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Complications of ERCP

Of all the procedures that endoscopists perform on a regular basis, ERCP is
that associated with the greatest risk, with a complication rate of 10-15%.
Most complications are recognized during or shortly after ERCP, but some
complications such as bleeding following sphincterotomy are delayed. The
risk for adverse events in ERCP depends on patient risk factors, risk factors
related to the technical procedure and experience of the endoscopist and team
[8,9, 43,49, 50]. The indications and benefits of ERCP must balance potential
harm to the patient.

Post-ERCP pancreatitis

The most common complication described after ERCP is Post-ERCP Pancre-
atitis (PEP), with a frequency of 3.5-5% [9, 51, 52] and in some studies even
9.7% [53]. PEP is usually divided into 3 categories according to Cotton et al,
where mild and moderate PEP constitute about 90% [49]. Mortality after PEP
is 0.7% and depends on the severity [53].

Figure 10. CT scan of patient with PEP: edema of pancreatic head, metal stent in
ductus choledochus (common bile duct).
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Table 4. Cotton classification of severity of post-ERCP pancreatitis.

Mild Pan- | Abdominal pain plus p-amylase elevated >3 times normal value re-

creatitis quiring hospital admission or prolongation of planned admission
up to 3 days.

Moderate | Requires hospitalisation for 4-10 days.

Pancreati-

tis

Severe Requires hospitalisation for >10 days plus signs of local or sys-

Pancreati- | temic complications (necrosis, pseudocysts, multi-organ failure),

tis or requires surgical or percutaneous intervention.

There are a number of PEP risk factors described in the literature, and the risk
depends on both technical- and patient-related factors [49-51, 54-57]. Alt-
hough PEP is widely accepted as the primary outcome measure following
ERCP, the risk factors for PEP are like other adverse events such as bleeding,
perforation, and other procedure-related complications. PEP may thus be con-
sidered a surrogate endpoint for the safety and success of ERCP.

Table 5. Examples of risk factors for post-ERCP pancreatitis.

Examples of patient-related risk factors for PEP

Sphincter of Oddi Dysfunction (SOD), female gender, previous pancreatitis in-
cluding PEP, younger age, no chronic pancreatitis, normal bilirubin level, non-
dilated bile duct

Examples of procedure-related risk factors for PEP

Cannulation>10 minutes, pancreatic guidewire passage, or contrast injection,
Precut sphincterotomy, pancreatic sphincterotomy, biliary balloon-sphincter dila-
tion, failure of CBDS clearance, intraductal ultrasound

Acute pancreatitis

The most common causes of acute pancreatitis are biliary stone and alcohol
abuse. Other conditions such as long-term haemodialysis or peritoneal dialy-
sis, hepatic disease, hyperlipidaemia, hypercalcaemia, and diabetes, that are
known to increase the risk for acute pancreatitis, may also be risk factors for
PEP [58-68].
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Bleeding, cholangitis and perforation

Besides PEP, other well-known complications of ERCP are bleeding, cholan-
gitis, and perforation.

o

) a

Figure 11. Retroperitoneal perforation during ERCP with leakage of gas and contrast.

Clinically significant bleeding occurs in 1-3% of ERCPs. It may occur imme-
diately but is often delayed up to 2 weeks [9, 49, 50]. Bleeding is graded as
mild (no blood transfusion), moderate (up to 4 units of blood), or severe (>5
units of blood or surgical/angiographic intervention) [49]. Risk factors for
bleeding include coagulopathy, anticoagulation therapy and in some studies
precut sphincterotomy [49, 50]. Other studies, however, have not shown any
increased risk for bleeding when early precut is performed for difficult biliary
access [69, 70].

Cholangitis is reported in 0.5-5% of ERCPs, and bacteraemia in up to 27%
of procedures [71, 72]. Biliary infection may be a result of failed complete
drainage after the ERCP procedure. Other risk factors include hilar cholangi-
ocarcinoma and primary sclerosing cholangitis (PSC) [9, 49]. Cholangitis is
graded as mild (temperature >38 °C for 24-48 hours), moderate (23 days in-
hospital care or ERCP/PTC (Percutaneous Transhepatic Cholangiography) in-
tervention), or severe (septic shock or need for surgical intervention) [49].

Perforation sometimes occurs when the guidewire or catheter penetrates the
wall of the pancreatic or biliary ductal system. The exact frequency of perfo-
ration is not known since they are seldom reported and adverse consequences
for the patient are rare [73]. Duodenal perforation related to sphincterotomy
occurs in <1% of ERCPs [9, 49, 50]. This perforation is retroperitoneal and
can be managed conservatively with antibiotics. The risk for sphincterotomy-
related perforation increases if the cut is large and extends beyond “1-2
o’clock” or in cases of repeated sphincterotomy, but does not seem to increase
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in cases where early precut has
been performed [69, 70]. Perfo-
ration  following  pancreatic
sphincterotomy either at the main
or minor papilla is extremely rare
[74]. Perforations are classified
into mild (<3 days of hospital care
and conservative treatment),
moderate (4-10 days of hospital
care) or severe (>10 days in hos-
pital and need for surgical inter-
vention or drainage) [49]. Routine
CT investigations in asympto-
matic patients after uncompli-
cated sphincterotomy have shown
retro- or periduodenal gas in up to
10% of cases [75].

The risk for perforation, bleeding or cholangitis does not differ between
ERCP-patients with or without a periampullary diverticulum [76].

Figure 12. Perforation of guide wire in
bile duct with extravasation of contrast.

Cardiovascular complications

Transient cardiac dysrhythmias and hypoxia are usually seen and managed
during ERCP procedures, and only rarely do they result in clinical conse-
quences or adverse events. Cardiovascular complications and pulmonary
thromboembolism (PTE) occur in 0.5-1% of ERCPs and laparoscopic chole-
cystectomies [9, 10, 50, 77-80]. The prevalence of CBDS increases with age.
This complicates management since comorbidity and frailty increase the risk
for intervention-related complications and death [81-83]. Cardiovascular dis-
ease and biliary stone disease share risk factors such as obesity, hypertension,
diabetes, dyslipidaemia and cigarette smoking [84-86]. There also appears to
be an association between gallstone disease and cardiovascular disease [87].
Though early cholecystectomy appears to be safe in the elderly, there is a ten-
dency to choose a minimally-invasive treatment method such as ERCP when
it comes to elderly frail patients with high comorbidity [88].

Other ERCP complications

Other complications related to ERCP include endoscopic perforation of the
oesophagus, stomach, or duodenum. The risk for these perforations is usually
low, about 1:1000, but increases in patients with altered anatomy such as after
Billroth II gastrectomy or when stenosis is present in the upper gastrointestinal
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tract [73, 89]. There are also rare reports of
penetration and perforation of the duode-
num, small bowel or colon after migration
of plastic stents from the bile duct [90, 91].

Other examples of complications are
basket impaction during an attempt to re-
move a large stone from the bile duct, chol-
ecystitis caused by self-expandable metal
stents (SEMS), contrast injection into the
portal venous system, and in rare cases
pseudomonas infection due to inadequate
disinfection and cleaning of the duodeno-
scope. Thirty-day mortality after ERCP is
about 0.5% [9, 10, 50, 92, 93].

Endoscopic sphincterotomy (EST) was
previously thought to be a risk factor for the
development of cholangiocarcinoma due to
reflux of gut bacteria into the biliary sys-
tem, though recent studies have not seen an
increase in cancer risk after EST [94, 95].

Stent dysfunction

Endoscopic biliary stent placement
is an effective treatment for pa-
tients with benign or malignant bil-
iary obstruction causing jaundice
and/or cholangitis [96]. If the deci-
sion is made to proceed with bili-
ary drainage in patients with ma-
lignant distal biliary obstruction
and who are planned for curative
resection, the endoscopic route
is preferred to percutaneous
transhepatic  biliary  drainage
(PTBD) because of better patient
survival and fewer peritoneal/liver

(16:00)

Figure 13. Late perforation of
plastic stent through duodenal
wall opposite to the major papilla.

recurrences in the endoscopic  Figure 14. Plastic stents in biliary duct.

group [97-99]. Regarding palliative

treatment of patients with hilar and extrahepatic malignant biliary obstruction,
ERCP has a lower adverse event rate, shorter time in hospital, and lower cost
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Figure 15. Leakage in biliary duct anastomosis
after liver transplantation. treated with SEMS

compared to PTBD [100], as
well as lower morbidity and
mortality rates compared to
surgical bypass [101, 102].
The diagnosis of stent dys-
function is usually based on a
combination of clinical crite-
ria and a less than 20% fall in
serum bilirubin following
stent insertion i.e., failed bili-
ary drainage with development
of cholangitis and jaundice.
Sometimes, transabdominal ul-
trasound is needed to confirm
stent failure [101, 103].

Two types of stent are rou-

tinely used in current practice;
plastic stents and self-expand-

ing metal stents (SEMS). Several studies have shown that metal stents are as-
sociated with significantly longer stent patency and lower re-intervention rate
in the palliative management of malignant bile duct obstruction, compared to
plastic stents [104-106]. This results in shorter hospital stay, reduction in fre-
quency of complicating diseases due to stent dysfunction, and improvement
in quality of life [107, 108]. Moreover, some studies have shown that metal

stents are associated with longer survival
compared to plastic stents [109, 110].
The median patency times of metal and
plastic stents in patients with distal ma-
lignant obstruction were found to be
longer than 8 months and 4 to 6 months,
respectively [109, 111]. The median pa-
tency times of metal and plastic stents in
patients with hilar cholangiocarcinoma
were found to be 3 to 6 months and 1 to
2 months, respectively [111, 112].
SEMS is the method of choice in poten-
tially curable patients with obstructive
jaundice while waiting for surgery or in
a neoadjuvant situation, because stent
dysfunction and stent-related complica-
tions are fewer compared to plastic stents

Figure 16. Dysfunctional plastic
stents.

WY

[96, 113, 114]. Covered SEMS have a lower risk for tumour ingrowth but a
higher risk for stent migration and tumour overgrowth compared to uncovered
SEMS. However, meta-analyses show largely equivalent results regarding
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proportions of patients with stent
dysfunction, overall complications,
and patient survival when comparing
covered, partially covered, and un-
~ covered SEMS [115-117]. There
~ does not seem to be difference in risk
for cholecystitis after insertion of
covered vs. uncovered SEMS [117,
118].

Figure 17. Covered SEMS.

Prevention of ERCP complications

Anticoagulants such as warfarin or non-vitamin K oral anticoagulants
(NOAKSs), must be discontinued prior to ERCP, and any coagulopathy man-
aged. Pure-cut diathermy has been shown to be associated with a higher risk
for bleeding compared to blended diathermy [119]. Large balloon dilation in
combination with sphincterotomy for treatment of large stones, DASE (Dila-
tation Assisted Stone Extraction), is associated with less risk for bleeding
compared to plain sphincterotomy [120].

Carbon dioxide via the duodenoscope has not been shown to reduce the
complication rate after ERCP, but causes less post-ERCP abdominal pain and
is therefore recommended as part of the procedure [51].

Antibiotic prophylaxis

Evidence supporting prophylactic antibiotics to prevent infection after ERCP
is limited, and meta-analyses are contradictory [121, 122]. The agents most
commonly studied are cefotaxim and piperacillin. Even though the frequency
of bacteraemia is less, antibiotic prophylaxis has not been shown to signifi-
cantly prevent ERCP-induced cholangitis in unselected patients. The use of
prophylactic antibiotics is recommended in patients where the risk for incom-
plete drainage of the bile duct is high, for example PSC patients and patients
with a hilar tumour or where drainage is unsuccessful [51]. Immunosup-
pressed patients also seem to benefit from prophylaxis [123]. ERCP with con-
comitant cholangioscopy is associated with bacteraemia in up to 13.9% of

26



cases and infectious complications up to 9.7%. Thus antibiotic prophylaxis is
recommended in this situation [124].

Prevention of post-ERCP pancreatitis

Difficult cannulation (several guidewire passages and contrast injections into
the pancreatic duct, repeated cannulation attempts, and long time taken to
reach the bile duct) is associated : ~

with an increased rate of ERCP-
related complications [51, 125-
131]. Difficult cannulation has
been defined by Halttunen et al as
fulfilling at least one of the fol-
lowing criteria:

25 cannulation attempts

25 minutes cannulation

22 passages of guidewire into the
pancreatic duct.

When using this definition, diffi-
cult cannulation has been shown
to increase the PEP rate fourfold
probably because of oedema and
trauma to the papilla [132]. A care-
ful cannulation technique including use of a guidewire instead of the catheter
and the use of contrast to identify the bile duct, has been shown to reduce the
risk for PEP [133-135].

Figure 18. Double guidewire cannulation.

Rendezvous-ERCP as a way to
manage CBDS found at cholecystec-
tomy is another way to reduce the
risk for PEP [36, 41].

Some studies have shown an in-
creased risk for PEP when precut
sphincterotomy is performed. How-
ever, recent meta-analyses have con-
cluded that there is a lower risk for
PEP when precut is performed at an
early stage in patients with difficult
biliary access [136, 137].

If the guidewire passes into the
pancreatic duct instead of the in-
tended bile duct, this guidewire may
be left in place and a second guide-
wire used to gain access to the biliary

[N —

Figure 19. Cannulation of bile and
pancreatic ducts.
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ducts in the so called “double guidewire cannulation technique™ [138-140]. As
an alternative to the pancreatic guidewire-assisted technique, a pancreatic
sphincterotomy, possibly with the help of a pancreatic stent, could help when
cannulation of the bile duct is difficult. The complication rates of these ma-
noeuvres are comparable to precut sphincterotomy [141-143]. In order to re-
duce the risk for PEP, it is recommended to leave a prophylactic pancreatic
stent before completion of the ERCP [138, 144-146]. Several studies have
shown the use of prophylactic pancreatic stents to reduce the risk for PEP, and
guidelines recommend a 5 Fr diameter stent [S1, 147].

Some studies indicate that the PEP rate is higher in cases when precut
sphincterotomy is performed during ERCP compared to conventional sphinc-
terotomy. This is probably a matter of timing since no increase in PEP rate has
been shown if the precut is performed early on in the procedure [69, 148-151].

Non-steroidal anti-inflammatory drugs and post-ERCP
pancreatitis

Since non-steroidal anti-inflammatory drugs (NSAIDs) are potent inhibitors
of phospholipase A, an enzyme thought to play an important role in the path-
ogenesis of acute pancreatitis, studies have been conducted to assess the pos-
sible role of NSAIDs as a protective measure against PEP. Randomised stud-
ies and meta-analyses have shown that rectally administered indomethacin or
diclofenac 100 mg as premedication before ERCP decreases the risk for PEP
compared to placebo, particularly in high-risk patients [54, 152-160]. On the
other hand, NSAIDs administered orally or intramuscularly have not been
shown to be effective as protective against PEP [161, 162].

There are, however, prospective randomised controlled studies showing no
difference in PEP rate between rectally administered diclofenac/indomethacin
and placebo [153, 163-165]. A limitation of the meta-analyses published so
far, regardless of conclusions, is that they include studies with relatively few
subjects, different study designs, and varying proportions of high-risk pa-
tients. As a consequence of this, guidelines vary widely, and in 2016-2017
only 25% of ERCP-patients in Sweden were given NSAID as PEP prophylaxis

[9].

Other pharmacological prevention of post-ERCP
pancreatitis

Several agents have been studied regarding a possible protective effect against
PEP, but results have been contradictory. Examples are: Protease inhibitors,
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glyceryl trinitrate, octreotide, and somatostatin [51, 166-169]. Prophylactic
antibiotics have not been shown to be effective against PEP [170].

Outcome of ERCP related to case-volume

Lack of experience has been shown to be associated with poor outcome in
major surgical procedures [171]. Likewise, extensive training and high ERCP
case-volume have been shown to correlate with high success rates in terms of
successful cannulation with fewer complications [30, 57, 172-176]. Experi-
enced endoscopists have lower complication rates and higher success rates
than their less experienced colleagues, which emphasises the importance of
education and training. Technical failure of ERCP has been shown to increase
the complication rate three-fold [177, 178]. Several studies have shown that
high-volume ERCP centres have better results and lower complication rates
than low-volume centres [172, 173, 179, 180], though there are data indicating
that high quality ERCP may be performed in low-volume units [181-183].

It is important to select patients with correct indications since ERCP is most
hazardous for patients who need it the least. Potential benefits of the procedure
must exceed potential risks. Centralisation of complicated ERCPs to high-vol-
ume centres with highly experienced endoscopists may well increase the
safety and success of this procedure [184].

GallRiks

The studies in this thesis are mainly based on data from GallRiks (The Swe-
dish National Quality Register for Gallstone Surgery and ERCP). GallRiks
was started in 2005 under the direction of the Swedish National Board of
Health and Welfare and the Swedish Surgical Society, and has since been ad-
ministered by the Uppsala Clinical Research Centre (UCR). GallRiks covers
around 90% of all cholecystectomies and ERCPs performed in Sweden with
almost all hospitals participating. Data coverage is assessed by cross-linkage
with the Swedish Hospital Discharge Register, and GallRiks is also linked to
the Cause of Death Register. External validatation of GallRiks is regularly
performed through periodic audits at each hospital once every three years.
Complete match between medical records and the GallRiks data-base has been
shown in 97.3% of ERCPs when results from the first 25 audited hospitals
were analysed [185]. The validation process and national coverage rate are
published each year. Registration in GallRiks is managed online via an inter-
net platform (www.ucr.uu.se/gallriks) and data are entered by the endoscopist
at the time of the procedure. Records include patient- and procedure-related
data with the possibility to describe more than 100 different variables, as well
as multiple-choice questions. Intraoperative complications are registered, and
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when all variables are filled in, the online form is closed. Collection of follow-
up data including intra- and postoperative complications is managed locally at
each hospital by a specific coordinator (often a nurse or sometimes a secretary)
30 days after ERCP [8, 186, 187].

National Patient Register

The National Patient Register (NPR) collects data on healthcare of all patients
admitted to hospital and in outpatient specialist care. It is maintained by the
Swedish National Board of Health and Welfare. Though under-reporting of
inpatient data is low, there has been a problem with outpatient care data, but
this has improved greatly since 2001. A quality control of submitted data in
the register is performed regularly, checking for quality and validity of per-
sonal registration number, hospital, and main diagnosis, amongst other things.
If submitted data are suspected of being erroneous or invalid, new data are
requested from the care-providers [188-190].
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Rationale behind this thesis

The overall aim of this thesis was to study and to gain a deeper understanding
of the complications and risk factors associated with ERCP, and any protec-
tive measures that may reduce these complications.
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A1ims

Paper I

To assess whether clinical variables and comorbidities influence the risk for
PEP.

Paper 11

The primary aim was to determine how various techniques for management
of CBDS clearance in patients undergoing cholecystectomy have changed
with time at tertiary referral hospitals (TRH) and county/community hospitals
(CH). The secondary aim was to explore whether postoperative rendezvous
ERCP is a safe, effective, and feasible alternative to intraoperative rendezvous
ERCP in the management of CBDS.

Paper III

To compare the rate of postoperative cardiovascular events in patients with
CBDS treated with the following: ERCP only; cholecystectomy only; chole-
cystectomy followed by delayed ERCP; cholecystectomy together with
ERCP; or ERCP followed by delayed cholecystectomy.

Paper IV

To analyse the association between ERCP success and complication rates, and
endoscopist- and centre case-volumes.
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Methods

Paper I

All ERCPs performed in 2006-2014
n=>57452

ERCP performed for reasons other
1 2 than CBD stones n = 38 603

ERCP performed for CBD stones
n=18 889

Repeated ERCP after the first

, S procedure
n=2801

First ERCP performed for CBD stones
n=16088

Data on pancreatitis after ERCP

5 missing
n=288

Data on postoperative pancreatitis
registered
n=15800

Figure 20. Flow diagram for the study. ERCP, endoscopic retrograde cholangio-
pancreatography; CBD, common bile duct.



Data were retrieved from the Swedish Register for Cholecystectomy and
ERCP (GallRiks) including all ERCP procedures performed 20062014 for
common bile duct stones. A total of 15 800 procedures were identified and
cross-checked. Univariable and multivariable logistic regression analyses
were conducted with PEP as endpoint and the following covariables: age, gen-
der, ASA grade, previous history of acute pancreatitis, diabetes, hyperlipidae-
mia, hypercalcaemia, kidney disease, and liver cirrhosis.

Paper 11

Data were retrieved from the Swedish Register for Cholecystectomy and
ERCP (GallRiks) 2006-2016. All cholecystectomies where CBDS were found
at intraoperative cholangiography, and with complete 30-day follow-up
(n=10386) were identified. Data concerning intraoperative and postoperative

Index
Cholecystectomies
2006-2016
With complete 30-day
Follow-up
115 855

Excluded indications
Part of major surgery/
Malignancy/Other
3794

Cholecystectomies
112 061

Intraop cholangio
Mot done or
failed successful attempt

16 417
Successful intraop cholangio
95 644
Normal Bile duct stone Susp stenos/tumor Other finding
82 418 (86.2%) 10 386 (10.9%) 335 (0.3%) 2505 (2.6%)

Figure 21. Flowchart cholecystectomies in Sweden 2006-2016.
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complications, readmission, and reoperation within 30 days were retrieved for
patients where intraoperative ERCP (n=2290) or preparation for postoperative
ERCP was performed (n=2283).

‘Bile duct stones
' 10 386 '
Lap No further Open
Choledochotomy procedure Choledochotomy
274(26%) 1370 (13.2%) | 1491(14.4%)
FIIUSW Transcystic
Manipulated 1474 (14.2%)
1204 (11.6%)
+
Intraop Preparing
ERCP Postop ERCP
2290 (22.0%) 2283 (22.0%)

Figure 22. Flowchart common bile duct stones in Sweden 2006-2016.
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Paper III

Paper III was based on data from procedures for gallstone disease registered
in the Swedish Register for Cholecystectomy and ERCP (GallRiks) 2006—
2014. ERCP and cholecystectomy procedures performed for confirmed or sus-
pected CBDS were included.

Patients undergoing Patients undergoing ERCP Patients undergoing ERCP and
cholecystectomy only (N=87 120} anly (N=8 750} cholecystectomy (N=7 298)

Patients undergoing cholecystectomy
and/or ERCP (N=103 208)

Patients undergoing cholecystectomy for
indication other than CBDS (N=79 606)

Patients undergoing cholecystectomy
and/or ERCP (N=23 602)

More than one cholecystectomy
registered (N=11})

Study group (N=23 591}

| | ! l

ERCP only Cholecystectomy Cholecystectomy Cholecystectomy ERCP followed by
(N=8 790) only (N=10 362) followed by combined ety delayed
delayed ERCP ERCP (N=1 258) cholecystectomy
{N=1032) {N=2 149)

Figure 23. Flow chart. Confirmed or suspected CBDS as indication for treatment.

Patients with confirmed or suspected CBDS were divided into five treatment
groups: ERCP only; cholecystectomy only; cholecystectomy followed by de-
layed ERCP; cholecystectomy combined with ERCP; or ERCP followed by
delayed cholecystectomy.

Postoperative events were registered by cross-matching GallRiks with the
National Patient Register (NPR). A postoperative cardiovascular event was
defined as an ICD-code in the discharge notes indicating myocardial infarct,
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pulmonary embolism, or cerebrovascular incident within 30 days after sur-
gery. In cases where a patient had undergone ERCP and cholecystectomy on
separate occasions, the 30-day interval was timed from the first intervention.

Paper IV

Data from GallRiks on all ERCPs 2009-2018 performed for common bile duct
stone (n=17873) and malignancy (n=6152), with complete registration and 30-
day follow-up, were collected and compiled. Procedures for any other indica-
tion, procedures on patients having undergone previous ERCP since 2006, and
rendezvous ERCPs were excluded from the analysis. Associations between

All ERCPs registered in GallRiks 20052018

n=2380904

Rendezvous ERCPs
n=5995

ERCPs registered in GallRiks, not rendezvous

n=74909
Repeated ERCP after first procedure
 E— 2006-2018
n=27 643

First ERCP performed
n=47260

ERCPs performed for CBDS
n=17 873

ERCPs with other indication than CBDS
or malignancy
n=23235

N

ERCPs performed for malignancy
n=6152

Figure 24. Flow chart showing study group assembly.
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endoscopist ERCP case-volume as well as centre case-volume and successful
cannulation rate, procedure time, intraoperative complication rate, and post-
operative complication rate within 30 days (PEP, perforation, and intra- and
postoperative bleeding) were analysed. Case-volumes were based on those
during the year preceding the observations. When calculating cumulative vol-
ume of ERCP procedures for endoscopists and centres, no ERCPs were ex-
cluded.
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Statistical Analyses

Paper I

Univariable and multivariable logistic regression analyses with PEP as end-
point were undertaken. In the multivariable analyses, adjustment was made
for sex and age (at least 65 years versus less than 65 years) based on assump-
tions of cause-effect relationships.

A subgroup analysis was conducted on patients with a previous history of
pancreatitis. In this subgroup analysis the mean time that had elapsed since
the previous episode of pancreatitis and ERCP was compared between patients
who developed PEP following ERCP and those who did not suffer this com-
plication, using Student’s t test.

Paper 11

Univariate and multivariate regression analyses were used as well as Pearson
Chi Square Test and Student’s T-Test. The analyses were based on patients
undergoing cholecystectomy with intraoperative ERCP, and patients under-
going cholecystectomy as well as postoperative ERCP in two separate proce-
dures. The complication rate was determined by extracting intraoperative and
postoperative complications within 30 days after the cholecystectomy as well
as the postoperative ERCP. In univariate and multivariate logistic regression
analyses, the odds ratio for intra- and postoperative complications was deter-
mined, adjusted for gender, age and ASA score. Statistical significance was
defined as p<0.05.

Paper 111

To adjust for confounders, multivariate logistic regression analyses were per-
formed, with cardiovascular event (myocardial infarct and/or pulmonary em-
bolus and/or cerebrovascular incident), and death within 30 days as endpoints.
The multivariate models were based on age (280 years vs <80 years), ASA
class (III-V vs I-11), gender, treatment, and history of cardiovascular condition
or event (myocardial infarct, heart failure, peripheral vascular disease, cere-
brovascular incident, diabetes with secondary complication, or pulmonary
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embolism). Patients who underwent cholecystectomy and ERCP during the
same operation and those who underwent cholecystectomy and delayed ERCP
were grouped together with the cholecystectomy group, whereas those who
underwent ERCP and delayed cholecystectomy were grouped together with
the ERCP group. This grouping was based on the intervention primarily in-
tended to manage the CBDS. Poisson regression was used to calculate the 30-
day age- and gender-adjusted standardised mortality ratio (SMR) based on the
expected mortality rate extrapolated from the Swedish general population in
2007.

Paper IV

Univariable and multivariable logistic regression analyses with successful
cannulation, procedure time, intraoperative complication rate, and postopera-
tive complication rate within 30 days (PEP, perforation, and intra- and post-
operative bleeding) as endpoints were carried out with endoscopist- and centre
case-volumes as exposure variables. In the multivariable logistic regression
analyses, adjustments were made for gender, age, and year of ERCP. The ad-
justments made in the multivariable analysis were based on assumptions of
cause-effect relationships. Analyses were made with case-volumes on a log
scale (n=0-4, 5-10, 11-20, 21-40, 41-80, 81-160 or 161-320 for endoscopist
and n=0-20, 21-40, 41-80, 81-160, 161-320 or >320 for centre).
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Ethical Considerations

Paper I

The Regional Ethics Review Board in Stockholm approved the study the 18th
March 2015 (reference number 2015/339-31/1).

Paper 11

The Regional Ethics Review Board in Uppsala approved the study the 2nd
November 2016 (reference number: 2016/281/1).

Paper 111

The Regional Ethics Review Board in Stockholm approved the study thel8th
March 2015 (IRB-approval, reference number: 2015/339-31/1).

Paper IV

The Regional Ethics Review Board in Stockholm approved the study the 17th
June 2020 (IRB-approval, reference number: 2020-01450).
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Results

Paper I

Women (Odds Ratio [OR] 1.33, 95% confidence interval [CI] 1.14-1.55), pa-
tients aged less than 65 years (OR 1.68, CI 1.45-1.94), patients with hyper-
lipidaemia (OR 1.32, CI 1.02-1.70), and those with a previous history of acute
pancreatitis (OR 5.44, C1 4.68- 6.31) faced a significantly higher risk for PEP.
In a subgroup analysis of patients with a previous history of acute pancreatitis,
the mean time from previous pancreatitis to ERCP was 4423 days in patients
who developed PEP versus 6990 days in patients who did not (P =0.037).
However, when the previous episode of pancreatitis had occurred more than
30 days before ERCP, this association was no longer significant (P =0.858).
Patients with diabetes had a lower risk for PEP (OR 0.64, CI 0.48-0.85).

42



Table 6. Univariable and multivariable logistic analysis of risk factors for pancreati-
tis after endoscopic retrograde cholangiopancreatography. Adjustments were made
for sex and age (at least 65 years versus less than 65 years).

Incidence of post- | Univariable Multivariable
ERCP pancreatitis | analysis analysis
Oddsratio p Oddsratio p
Gender
Men 250/6140 (4.1%)
Women 515/9660 (5.3%) 1.33 (1.14- <0.001
1.55)
Age
>65 years 349/9140 (3.8%)
<65 years 416/6660 (6.2%) 1.68 (1.45- <0.001
1.94)
History of acute | 363/2567 (14.1%) | 5.26 (4.53- <0.001 | 5.44 (4.68- <0.00
pancreatitis 6.10) 6.31) 1
Diabetes (all) 56/1947 (2.9%) 0.55(0.42- <0.001 | 0.64(0.48- 0.002
0.72) 0.85)
Diabetes type 1 | 21/564 (3.6%) 0.72(0.47- 0.724 0.84 (0.54- 0.437
1.13) 1.31)
Liver cirrhosis 12/185 (6.5%) 1.37(0.76- 0.296 1.39(0.77- 0.277
2.47) 2.51)
Hyperlipidaemia | 72/1394 (5.2%) 1.08 (0.84- 0.556 1.32(1.02- 0.036
1.38) 1.70)
Hypercalcaemia | 2/58 (3.4%) 0.70 (0.17- 0.622 0.76 (0.18- 0.756
2.88) 3.11)
Kidney disease 27/579 (4.7%) 0.96 (0.65- 0.838 1.16 (0.78- 0.474
1.42) 1.72)
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Paper 11

Intraoperative ERCP increased (7.5% 2006; 43.1% 2016) whereas preparation
for postoperative ERCP decreased (21.2% 2006; 17.2% 2016) 2006-2016.
CBDS management differed between TRHs and CHs. Complications were
higher in the postoperative rendezvous ERCP group: (Odds Ratio [OR] 1.69,
95% confidence interval [CI] 1.16-2.45) for intraoperative complications and
(OR 1.50, CI 1.29-1.75) for postoperative complications. The risks for in-
traoperative bleeding (OR 2.46, CI 1.17-5.16), postoperative bile leakage (OR
1.89, CI 1.23-2.90), and postoperative infection with abscess (OR 1.55, CI
1.05-2.29) were higher in the postoperative group. Post-ERCP pancreatitis,
postoperative bleeding, cholangitis, percutaneous drainage, antibiotic treat-
ment, ICU stay, readmission/reoperation within 30 days, and 30-day mortality
did not differ between groups.
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Table 7. Intra- and postoperative (within 30 days) complication rates n (%).

Statistically significant values are given in bold text. Pearson Chi Square.

Intraop | Preparation
ERCP postop P*
(%) ERCP (%)
Overall 2.0 34 0.0031
Intraoperative
Bleeding 0.4 1.1 0.0106
Overall 15.6 21.8 <0.0001
Bleeding 1.2 0.9 0.2501
Pancreatitis 4.7 4.4 0.6362
Cholangitis 0.6 0.9 0.2314
Bile leakage 1.4 2.7 0.0025
Infection with abscess 1.9 2.9 0.0197
Postoperative | percutaneous drainage 22 3.0 0.0925
Antibiotic treatment 9.7 10.4 0.4697
ICU stay 0.3 0.1 0.3191
dReadmlssmn within 30 0.7 03 0.0498
ays
Reop within 30 days 2.0 2.1 0.8232
Mortality 30 days 0.31 0.04 0.0341

47



Table 8. Multivariate analysis with intra- and postoperative complications as out-
come measures and preparation for postoperative versus intraoperative ERCP as ex-
posures, adjusting for gender, age, and ASA class. Statistically significant OR are
given in bold text.

Intraop ERCP ref
oR | 9swct | P
Overall 1.69 (1.16-2.45)  0.0061
Intraoperative
Bleeding 2.46 (1.17-5.16)  0.0170
Overall 1.50 (1.29-1.75) <0.0001
Bleeding 0.72 (0.40-1.28)  0.2581
Pancreatitis 0.95 (0.72-1.25)  0.7053
Cholangitis 1.53 (0.77-3.02)  0.2229
Bile leakage 1.89 (1.23-2.90)  0.0034
Postoperative Infection with abscess 1.55 (1.05-2.29)  0.0270
Percutaneous drainage 1.34 (0.93-1.94)  0.1191
Antibiotic treatment 1.06 (0.88-1.29)  0.5336
ICU stay 0.51 (0.13-2.04) 0.339%4
Readmission within 30 days | ~ 0.41 (0.16-1.07)  0.0681
Reop within 30 days 1.05 (0.70-1.58)  0.8146
Mortality 30 days 0.16 (0.02-1.35)  0.0927
Paper 111

A total of 23 591 patients underwent ERCP or cholecystectomy for CBDS
during the study period. A postoperative cardiovascular event was registered
in 164 patients, and death within 30 days in 225 patients. In the univariable
analysis, adverse cardiovascular event and death within 30 days were more
frequent in patients who underwent primary ERCP (p<0.05). In the multivar-
iable analysis adjusting for history of cardiovascular disease or events, neither
risk for cardiovascular complication nor death within 30 days remained statis-
tically significant in the ERCP group.
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Table 10. Univariable and multivariable analyses of factors predicting cardiovascu-
lar event and death within 30 days after surgical and/or endoscopic treatment for
confirmed or suspected CBDS in the Swedish National Quality Register for Chole-
cystectomy and Endoscopic Retrograde Cholangiopancreatography (GallRiks)

2006-2014.
Univariable
Cardiovascular complication | Death
Odds ratio (95% p Odds ratio (95% con- | p
confidence inter- fidence interval)
val)
Age>80 years | 4.37 (3.20-5.60) <0.001 | 9.60(7.20-12.79) <0.001
(ref <80 years)
Men (ref 1.16 (0.85-1.59) 0.340 1.19 (0.91-1.55) 0.197
women)
ASA | (ref)
ASA I 3.83 (2.16-6.79) <0.001 | 6.42(3.08-13.35) <0.001
ASA I 9.82 (5.51-17.52) <0.001 | 31.39(15.32-64.31) <0.001
ASA IV 26.03 (11.44- <0.001 | 150.02 (67.94- <0.001
59.22) 331.23)
ASAV - - 343,38 (32.20- <0.001
3662.14)
History of car- | 10.20(7.12-14.60) | <0.001 | 6.25 (4.74-8.23) <0.001
diovascular
disease or
event*
ERCP (ref 2.74 (1.95-3.84) <0.001 | 4.10(3.00-5.62) <0.001
cholecystec-
tomy)**
Multivariable
Cardiovascular complication | Death
ERCP (ref 1.12 (0.77-1.64) 0.548 1.38 (0.97-1.96) 0.071
cholecystec-
tomy)*

* History of myocardial infarct, heart failure, peripheral vascular disease, cerebro-
vascular incident, diabetes with secondary complication, or pulmonary embolism.

**In cases where ERCP as well as cholecystectomy were performed, the procedures
were grouped according to the primary procedure. If cholecystectomy and ERCP
were performed as one procedure, the procedure was included in the cholecystec-

tomy group.
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Paper IV

In the multivariable analysis of the CBDS group adjusting for age, gender and
year, a high endoscopist case-volume was associated with higher successful
cannulation rate with lower complication and PEP rates and shorter procedure
time (p<0.05). High annual case-volume centres were associated with high
successful cannulation rate and shorter procedure time (p<0.05), but not lower
complication and PEP rates.

When indication for ERCP was malignancy, a high endoscopist case-volume
was associated with high successful cannulation rate and low PEP rates (p<0.05),
but not shorter procedure time or lower complication rate. Centres with high case-
volume were associated with high successful cannulation rate and low complica-
tion and PEP rates (p<0.05), but not shorter procedure time.
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Figure 27. ERCPs 2009-2018 with indication common bile duct stone. Univariable
and multivariable linear regression analyses of ERCP volumes (endoscopist and cen-
tre) during the year preceding the procedure with procedure duration as outcome.
Univariable and multivariable logistic regression analyses of ERCP volumes (endos-
copist and centre) during the year preceding the procedure with successful deep can-
nulation of bile duct (in this figure illustrated as unsuccessful deep cannulation), in-
tra- and postoperative complications within 30 days and post-ERCP pancreatitis (P
EP) as outcome. A=Endoscopist, B=Centre
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Figure 28. ERCPs 2009-2018 with indication malignancy. Univariable and multi-
variable linear regression analyses of ERCP volumes (endoscopist and centre)
during the year preceding the procedure with procedure duration as outcome. Uni-
variable and multivariable logistic regression analyses of ERCP volumes (endos-
copist and centre) during the year preceding the procedure with successful deep
cannulation of bile duct (in this figure illustrated as unsuccessful deep cannula-
tion), intra- and postoperative complications within 30 days and post-ERCP pan-
creatitis (PEP) as outcome. A=Endoscopist, B=Centre



Discussion

The results of the studies in this thesis may serve to identify patients and situ-
ations where there is an increased risk for ERCP-related complications. Even
if procedure-related complications cannot be eliminated, awareness of poten-
tial risk factors may help to optimise safety in situations where problems are
foreseen. When hazards and risk factors are identified, the care of patients
with gallstone disease can be organised to prevent them.

The prevalence of gallstone-related symptoms, including CBDS, in the
population is 7-15%. Choledocholithiasis is the most common indication for
ERCP, about 3 times more common than malignancy as indication, and pro-
cedures for CBDS are performed at almost all hospitals in Sweden where gall-
stone surgery is carried out [9, 185]. High age is a significant risk factor for
prolonged hospital stay and for death after any procedure for gallstone re-
moval [81, 82]. The comorbidity rate in elderly patients undergoing treatment
for choledocholithiasis is high compared to younger patients, and there is a
tendency to choose minimally-invasive treatment methods such as ERCP
when it comes to older, frail patients with high comorbidity [83, 88]. ERCP
performed for CBDS may be complicated, for example large impacted stones
that require advanced methods such as electrohydraulic lithotripsy (EHL). The
majority of ERCPs for CBDS, however, are uncomplicated and fall into
H.O.U.S.E. category I [33], Cotton Grade II, or Schutz II [31, 32]. ERCP for
the diagnosis and treatment of malignancy is often more complicated than
ERCP for CBDS, especially if the malignancy is intrahepatic. These proce-
dures are associated with greater risk and higher adverse event rates. ERCP
for malignancy is graded at least H.O.U.S.E. II, Cotton III, or Schutz IV [31-
33].

The reported complication rate of ERCP is 10-15%. The most common ad-
verse event is post-ERCP pancreatitis (PEP), with a rate of 3.5-5% [9, 51, 52].
The risk for ERCP complications depends on both patient risk factors and
technical risk factors related to the procedure and experience of the endosco-
pist and team [8, 9, 43, 49, 50]. High endoscopist- and centre ERCP case-
volumes have been shown to be correlated to high success rates in terms of
successful cannulation and fewer adverse events [30, 57, 172-176].

In the case of CBDS found at IOC, the frequency of open choledochotomy,
once considered the first-hand technique, has decreased in recent years, while
at the same time, minimally invasive laparoscopic and laparo-endoscopic
methods, mainly intraoperative rendezvous ERCP, have come to predominate

55



[9, 10, 14, 18,20, 21, 24-29]. ERCP has traditionally been performed as a two-
stage procedure, either as preoperative ERCP followed by laparoscopic chol-
ecystectomy or laparoscopic cholecystectomy followed by postoperative
ERCP. However, 4-18% of attempted ERCPs are interrupted due to inability
to cannulate the bile duct. ERCP may also lead to serious complications such
as PEP [9, 44, 51].

The technique of intraoperative rendezvous ERCP is straight-forward and
suitable for almost all patients with CBDS. In this way cholecystectomy and
management of CBDS are performed at the same time, thereby limiting an-
aesthesia to one procedure with minimal hospital stay, healthcare resources,
and costs [36-43]. Even if intraoperative rendezvous ERCP is recommended
as method of choice, postoperative rendezvous ERCP is an alternative to in-
traoperative ERCP in situations when ERCP resources are limited [14, 46-48].
As the lack of uniform logistic routines has made it impossible to conduct a
prospective randomised controlled trial comparing the two methods, the best
evidence regarding the safety and effectiveness of the two approaches has
been derived from large population-based studies.

In Papers I and III we focused on risk factors for PEP and cardiovascular
complications and death after surgical treatment for CBDS. In accordance
with previous studies, we found that women, patients aged less than 65 years,
and those with a previous history of acute pancreatitis had a significantly
greater risk for developing PEP [49-51, 54, 55]. Since it is difficult to distin-
guish a new episode of acute pancreatitis from an exacerbation of an ongoing
process, we excluded patients with pancreatitis immediately before ERCP.
This showed that if the previous episode of pancreatitis occurred more than
30 days before the ERCP, the time factor was not associated with risk for PEP.
As shown in previous studies, hypertriglyceridaemia and hyperlipidaemia
both increase the risk for PEP while liver cirrhosis is not a risk factor [58, 59,
62, 68].

Associated comorbidities such as obesity, alcohol abuse and use of medi-
cations were not investigated in the present study since these data were not
available in GallRiks.

Although previous reports give contrasting results with respect to hyper-
calcaemia/kidney disease and risk for PEP [60, 61, 64], it should be noted that
only 58 patients in the present cohort had hypercalcaemia and 579 had kidney
disease. With no data on the degree of renal failure it is difficult to draw any
conclusion regarding the association between hypercalcaemia/kidney disease
and PEP.

Whereas previous studies have shown diabetes to be associated with acute
pancreatitis [65, 67], we paradoxically found a lower risk for PEP in patients
with diabetes. It has been observed that the risk for acute pancreatitis is de-
pendent on the type of diabetes medication the patient receives [63]. The co-
hort in the present study included diabetic patients on different kinds of dia-
betic treatment, and the register lacked information on disease severity and
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treatment. Thus, associations between type of diabetes treatment and PEP
were not investigated.

The five CBDS treatment groups in Paper 11l were not predetermined, and
the treatments used depended on several factors such as complexity and state
of the biliary disease and preference of the surgeon responsible or local treat-
ment guidelines [191]. We believe that the choice of ERCP in patients that are
frail and have greater comorbidity explains why ERCP was significant in uni-
variate analysis. In multivariable analysis, however, adjusting for history of
cardiovascular disease or events, neither risk for cardiovascular complication
nor death within 30 days remained statistically significant in the ERCP group.

No subsequent cholecystectomy was registered for any of the 8790 patients
with ERCP as sole intervention. It is possible, however, that some of the pa-
tients underwent cholecystectomy after completion of the study. Since chole-
cystectomy at a later stage was unlikely to be performed to prevent CBDS,
such cases are irrelevant in the present study.

Regarding Paper 111, it is possible that procedure-related complications pre-
disposed to cardiovascular complications. This must also be taken into ac-
count when deciding on method of treatment for common bile duct stones.
Even if most complications are included, it cannot be excluded that registra-
tion of some adverse events might have been neglected in the analysis of pa-
tients who underwent both ERCP and cholecystectomy on two separate occa-
sions with a long interval between.

Tobacco use and obesity are major risk factors that must be taken into ac-
count when assesing the risk for cardiovascular complications following a sur-
gical or endoscopic intervention. Even if smoking and BMI are included in
the ASA physical status, these risk factors per se were not routinely registered
in GallRiks during the period of the study, and data on medications, including
anticoagulation, were lacking [192]. Anaesthesia was not included as risk fac-
tor in the present study, though this was explored in a recent study based on
GallRiks data, showing more postoperative complications after ERCPs per-
formed under deep sedation compared to those performed under general an-
aesthesia [193].

The burden of cardiovascular disease differs between Sweden and other
parts of the world. U.S. and Swedish data are more similar than when com-
paring western countries with areas outside Western Europe and North Amer-
ica [194].

In Paper II we looked at how the management of CBDS found at IOC has
changed over time as well as differences in choice of treatment between ter-
tiary referral hospitals and smaller community/county hospitals. We focused
on the two most common treatment options for choledocholithiasis i.e., in-
traoperative and postoperative rendezvous ERCP, and compared these meth-
ods regarding intraoperative and postoperative complication rates as well as
readmission, reoperation, and mortality.
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During the period 2006-2016, ERCP gradually became the method of
choice to manage CBDS at all hospitals in Sweden, and by 2016 was used in
60% of procedures. Though intraoperative rendezvous ERCP was the method
of choice at most hospitals, it was mostly used in TRHs. On the other hand, in
2016, preparation for postoperative rendezvous ERCP was performed twice
as often in CHs than in TRHs, probably due to lack of endoscopy resources
for performing intraoperative ERCP in non-specialised centres.

Intraoperative complication rates as well as rates within 30 days after the
procedure were assessed and compared between intraoperative ERCP and
preparation for postoperative ERCP. Since intraoperative ERCP is carried out
during cholecystectomy and postoperative ERCP is usually performed within
1 or 2 days after cholecystectomy, it cannot be excluded that some of the com-
plications observed could have been the result of cholecystectomy rather than
the ERCP.

Overall intra- and postoperative complication rates, as well as intraopera-
tive bleeding, postoperative bile leakage and postoperative infection with ab-
scess were higher with postoperative rendezvous ERCP compared to in-
traoperative rendezvous ERCP. Manipulation of the guidewire while prepar-
ing for postoperative ERCP could be one possible explanation for the higher
rate of postoperative bile leakage and infection in this group. If the clips
around the cystic duct anchoring the guide wire are applied too loosely, the
risk for subsequent bile leakage is considerable.

The rate of the most common surgical complication, PEP, as well as post-
operative bleeding, cholangitis, need for percutaneous drainage, antibiotic
treatment, ICU stay, readmission/reoperation within 30 days, and 30-day mor-
tality did not differ between intraoperative and postoperative ERCP. Prepara-
tion for postoperative rendezvous ERCP by leaving a guidewire for definitive
treatment of CBDS 1-2 days after cholecystectomy, is thus a feasible alterna-
tive. The routine of leaving a guidewire through the abdominal wall and taped
to the skin causes some discomfort for the patient, though most seem to toler-
ate the guidewire quite well.

Based on the results of this study we believe that postoperative rendezvous
ERCP is an acceptable alternative to intraoperative rendezvous ERCP when
adequate ERCP resources are lacking or limited.

In Paper IV it was demonstrated that case-volume of the endoscopist has a
great impact on ERCP outcome, especially when performed for CBDS. The
pattern was more obscure for procedures performed for suspected malignancy.
At the centre level, annual case-volume was also associated with safer out-
come.

To obtain a more homogenous study population, we excluded all proce-
dures where the indication was unclear, which to some extent limits the exter-
nal validity of the study. Registration of incorrect indication and incomplete-
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ness and low frequency of 30-day follow-up affect results and outcome. Re-
garding complicated ERCP procedures, postoperative complication rates have
been shown to be higher in units where follow-up is complete

[195]. GallRiks has not yet been linked to the Swedish National Patient
Register (NPR), so some complications, particularly those occurring after 30
days, may have been neglected. However, it is more likely that most adverse
events following ERCP occur in the immediate postoperative period.

Since perioperative complication rates, in particular PEP, are low, we chose
to exclude rendezvous ERCPs [36, 41]. Endoscopists with the greatest expe-
rience and centres with the highest volumes had the highest cannulation suc-
cess rate, shortest procedure times, and lowest complication rates when the
indication for ERCP was CBDS. Paradoxically, the outcome of ERCP per-
formed for malignancy by more experienced endoscopists was poorer, with
longer procedure times and higher complication rates. This was probably the
result of selection bias since the most experienced high-volume endoscopist
performs the most complex and time-consuming ERCP procedures with the
greatest risk for adverse events. This results in residual confounding, which
was not captured in the analyses of the present study. Furthermore, high-vol-
ume endoscopists use more advanced ERCP techniques such as needle-knife
sphincterotomy, and are more likely to persevere longer and spend greater ef-
fort cannulating the bile duct before terminating the procedure [196].

Case-volume is an important issue in ERCP training, and it is important
that the training of future advanced endoscopists is carried out at high-volume
centres. The learning curve among trainees in advanced endoscopy varies sig-
nificantly, but the success rate of trainees performing ERCP increases with
experience [197, 198].
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Conclusions

Paper I

Age, female gender, hyperlipidaemia, and previous history of recent acute
pancreatitis increase the risk for PEP. Diabetes, however, appeared to lower
the risk for PEP.

Paper 11

The choice of technique for management of CBDS found at cholecystectomy
has changed in recent years and differs between TRHs and CHs. Rendezvous
ERCP is now the technique of choice and is performed at practically all hos-
pitals in Sweden.

Rendezvous ERCP is a safe and effective method. Intraoperative rendez-
vous ERCP is to be preferred, but postoperative rendezvous ERCP is a per-
fectly acceptable alternative when adequate ERCP resources are lacking or
limited.

Paper 111

Primary ERCP as well as cholecystectomy may be performed for CBDS with
acceptable safety. More studies are required to provide reliable guidelines for
the management of CBDS.

Paper IV

The results of Study IV suggest that higher endoscopist- and centre case-vol-
umes lead to safer and more effective ERCPs.
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Proposals for future clinical research

e Prospective randomised studies are required to clarify the potential
protective effect of NSAID regarding PEP. Since the results of pre-
viously published prospective randomised controlled studies are
contradictory, recommendations concerning PEP prophylaxis in
Sweden differ and most ERCP patients are not given NSAID [9, 51,
153, 165]. We are therefore planning a nationwide multicentre
study comparing the frequency and severity of PEP, according to
Cotton’s criteria, between patients randomised to receivel00 mg
diclofenac administered rectally immediately prior to ERCP and
those with no prophylaxis. Adverse event and mortality rates will
also be analysed.

The Regional Ethics Review Board in Uppsala approved the study
the 31st May, 2017 (reference number: 2017/067).

The Medical Products Agency approved the study the 20th August,
2018 (reference number: 5.1-2018-56693, EU-number: 2017-
004250-42).

e A supplementary research study would be to retrieve GallRiks data
regarding ERCP patients who received prophylactic rectally admin-
istered NSAID and compare their intra- and postoperative compli-
cation rates with patients who were not premedicated with NSAID.

e Another option would be to compare complication and success
rates in patients undergoing ERCP who have been treated with early
precut sphincterotomy with those who have been treated with reg-
ular sphincterotomy.
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Summary of the thesis in Swedish

Bakgrund

Endoskopisk Retrograd Kolangiopankreatografi (ERCP) &ar en endoskopisk
rontgenbaserad behandlingsmetod for att utreda och behandla sjukdomstill-
stand i gallvigar och i bukspottkortel. Arligen utfors drygt 9000 ERCP i Sve-
rige och den vanligaste indikationen &r sten i djupa gallvégarna f6ljt av tumor-
orsakad gallvagsfortrangning. Den totala komplikationsfrekvensen efter
ERCP uppgar till 10-15%. Risken for komplikation beror bade pa patient- och
procedurrelaterade faktorer liksom pa endoskopistens och teamets erfarenhet
och undersokningsvolym. Den vanligaste komplikationen utgors av bukspott-
kortelinflammation, post-ERCP pankreatit (PEP), vilken drabbar 3.5-5% av
patienter. PEP definieras som buksmértor>24 timmar samt s-amylas
(bukspottkortelenzym i blodet) >3 ganger normalvirdet tillika med forlangd
vardtid eller aterinldggning pa sjukhus. Inflammationen i bukspottkorteln blir
i de allra flesta fall l4tt till méttlig och laker inom négra dagar men kan ibland
bli allvarlig och kriva intensivvard eller, i sillsynta fall, till och med leda till
doden. Exempel pa riskfaktorer for PEP dr ldngvarig manipulation av gall-
gédngsmynningen, ingjutning av rontgenkontrast i bukspottkortelgdngen, ung
alder och kvinnligt kon.

Livstidsrisken att utveckla gallsten dr >20% och av personer med gallsten
drabbas 10-20% av stensjukdom i djupa gallvigarna med risk for allvarliga
komplikationer som obstruktiv gulsot, gallvigsrelaterad infektion (kolangit)
eller bukspottkdrtelinflammation (pankreatit). Riskfaktorer for att utveckla
gallsten inkluderar hog &lder, kvinnligt kon, graviditet, fysisk inaktivitet och
fetma. Att operera bort gallbldsan med titthélsteknik (laparoskopisk kole-
cystektomi) dr forstahandsbehandling for gallsten runt om i varlden och enbart
i Sverige utfors 13 000 kolecystektomier arligen. Intraoperativ rontgen av
gallvidgarna (kolangiografi) har visats vara effektiv for att klargora gallvigsa-
natomin samt detektera sten i djupa gallvégarna, vilket sker i 10-15% av ko-
lecystektomier. Den vanligaste metoden i vart land att dtgérda sten i1 djupa
gallvdgarna som uppticks under pagaende galloperation &r peroperativ ren-
dezvous ERCP. Med denna teknik underléttas accessen till de djupa gallvé-
garna med hjélp av en ledare (guidewire) som under rontgengenomlysning
fors via ytliga gallgangen till tolvfingertarmen. Peroperativ rendezvous ERCP
har, jaimfort med konventionell icke-rendezvous ERCP, visats ge hog grad av
stenfrihet och minskad risk for komplikationer, framfor allt PEP. I situationer
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dar tillgang till endoskopisk expertis saknas kan ett alternativ vara att férankra
ledaren via ytliga gallgangen till tolvfingertarmen, avsluta kolecystektomin
och utféra ERCP i en andra seans, sa kallad postoperativ rendezvous ERCP.
Hos vissa éldre och skora patienter dér komplikationsrisken vid kirurgi be-
doms alltfor hog kan ERCP med stenextraktion utgdra den enda behandlingen
vid sten i djupa gallvdgarna.

Delarbetena i denna avhandling utgér fran data fran det svenska kvalitets-
registret for gallstenskirurgi och ERCP (GallRiks). GallRiks startade 2005 och
omfattar >90% av alla kolecystektomier och ERCP:er i Sverige. Patient- och
procedurrelaterade data fors in pa forhand och intra- och postoperativa kom-
plikationer inom 30 dagar registreras lokalt av koordinator pad varje sjuk-
hus/enhet.

Delarbete [

Syftet med detta arbete var att undersoka huruvida vissa forutbestdmda para-
metrar och sjukdomstillstdnd paverkar risken att drabbas av post-ERCP pank-
reatit. De parametrar/tillstdnd som undersoktes var alder, kon ASA klass (risk-
klass I-IV utifran tidigare sjuklighet och funktionsniva), tidigare akut pankre-
atit, diabetes, hyperlipidemi (hoga blodfetter), hyperkalcemi (forhojt kal-
cium), njursjukdom och levercirrhos (skrumplever). 15 800 ERCP:er som
utforts 2006-2014 pa indikation sten i djupa gallvdgarna analyserades och data
samkordes med nationella patientregistret. Patienter <65 ar, kvinnor, patienter
med hoga blodfetter och de som nyligen haft pankreatit hade en dkad risk for
bukspottkortelinflammation efter ERCP medan patienter med diabetes uppvi-
sade en lagre risk.

Delarbete 11

I detta arbete studerades hur frekvensen av olika tekniker for att behandla sten
i djupa gallvigarna som uppticks under pagaende galloperation har féréndrats
over tid pa universitetssjukhus jamfort med Gvriga sjukhus. Vidare undersok-
tes om postoperativ rendezvous ERCP utgor ett sakert och effektivt alternativ
till peroperativ rendezvous ERCP. Under perioden 2006-2016 registrerades
10 386 kolecystektomier diar man funnit sten i djupa gallvigarna vid perope-
rativ rontgenundersdkning. Av dessa utfordes peroperativ rendezvous ERCP
12290 fall och forberedelse for postoperativ rendezvous ERCP skedde i 2283
fall.

Under den aktuella tidsperioden 6kade andelen fall av peroperativ ERCP
fran 7.5% 2006 till 43.1% 2016 medan andelen fall av postoperativ ERCP
minskade fran 21.2% 2006 till 17.2% 2016. Metoder att hantera sten i djupa
gallvidgarna skilde sig at mellan universitetssjukhus och ovriga sjukhus. Den
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totala komplikationsfrekvensen var hogre for postoperativ ERCP jamfort med
peroperativ ERCP. Vad giller enskilda komplikationer var intraoperativ blod-
ning, postoperativt gallickage och postoperativ infektion med abscess
(inkapslad varhérd) vanligare vid postoperativ ERCP. Dock sags ingen skill-
nad 1 komplikationsfrekvens mellan grupperna vad géller bukspottkortelin-
flammation, postoperativ blodning, infektion fran gallvdgarna, behov av in-
fektionsbehandling (antibiotika, dranageslang), behov av intensivvérd, aterin-
laggning pa sjukhus, reoperation eller mortalitet inom 30 dagar. Av dessa data
drogs slutsatsen att postoperativ rendezvous ERCP kan utgdra andrahandsal-
ternativ till peroperativ rendezvous ERCP i de fall ERCP resurser saknas eller
ar bristfalliga.

Delarbete 111

Syftet med denna studie var att jamfora frekvensen av kardiovaskuldra kom-
plikationer (hjért- kérl komplikationer) och déd inom 30 dagar (hjartinfarkt,
blodpropp i lungan eller hjarninfarkt/hjarnblodning) mellan patienter som be-
handlats med olika metoder for sten i djupa gallvidgarna. De metoder/grupper
som studerades var: enbart ERCP; enbart kolecystektomi; kolecystektomi foljt
av ERCP; kolecystektomi tillsammans med ERCP; och ERCP foljt av kole-
cystektomi. Data fran GallRiks samkdrdes med nationella patientregistret.

Under perioden 2006-2014 registrerades totalt 23 591 patienter som be-
handlats for sten i djupa gallvidgarna. Av dessa drabbades 164 patienter av
kardiovaskuldr komplikation inom 30 dagar och 225 patienter avled inom 30
dagar. Aldre och skorare patienter behandlades i stdrre utstrickning med
ERCP édn med kolecystektomi. Efter att justering for tidigare kénd kardiovas-
kuldr sjukdom utforts sdgs ingen skillnad i kardiovaskuldra komplikationer
eller dod mellan de olika behandlingsgrupperna. Saledes drogs slutsatsen att
kirurgi och ERCP utgor likvirdiga behandlingsmetoder for sten i djupa gall-
vigarna avseende risken for hjart-kirl komplikationer. Aldre och skérare pa-
tienter behandlas i storre utstrackning med ERCP &n kolecystektomi.

Delarbete IV

I detta arbete undersoktes sambandet mellan ERCP-resultat och undersok-
ningsvolym pé undersdkarniva och enhetsniva for forstagdngs ERCP:

er som utforts pa indikation sten i djupa gallvdgarna respektive misstinkt
eller kénd malignitet (tumorsjukdom).

2009-2018 registrerades 17873 forstagangs ERCP:er som utforts pa grund
av sten i djupa gallvdgarna och 6152 som utforts pa indikation misstankt eller
kdnd malignitet, De parametrar som undersoktes och jaimfordes mellan sko-
pister och sjukhus med olika undersokningsvolym var: kanyleringsfrekvens
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(andel fall dar man lyckades fa access till gallvigarna), undersokningstid, total
intra- och postoperativ komplikationsfrekvens och frekvens bukspottkortelin-
flammation.

Nér indikationen for ERCP var sten i djupa gallvigarna var en hog ERCP-
volym hos skopisten korrelerad till hogre kanyleringsfrekvens, lagre frekvens
av komplikationer inklusive bukspottkdrtelinflammation och kortare under-
sokningstid. En hog volym pa enheten var korrelerad till hdgre kanylerings-
frekvens och kortare undersokningstid men inte till lagre frekvens komplikat-
ioner eller lagre frekvens bukspottkortelinflammation.

Niér indikationen for ERCP var malignitet var hog undersdkningsvolym hos
skopisten kopplad till hogre kanyleringsfrekvens och ldgre frekvens bukspott-
kortelinflammation men inte till kortare undersokningstid eller ldgre total
komplikationsfrekvens. Enheter med hog undersdkningsvolym hade hogre ka-
nyleringsfrekvens och liagre frekvens av komplikationer och bukspottkortelin-
flammation men inte kortare undersokningstid.

Dessa resultat pekar mot att hogre undersékningsvolym av ERCP pa sko-
pist- och enhetsniva &r korrelerad till sékrare och mer lyckosam ERCP.

Sammanfattning

Alder <65 ar, kvinnligt kon, hdga blodfetter och en nyligen genomgangen
bukspottkortelinflammation dkar risken for bukspottkortelinflammation efter
ERCP medan diabetes minskar risken.

Tekniker for att behandla sten i djupa gallvigarna som uppticks under pa-
géende galloperation har éndrats 6ver tid och skiljer sig mellan universitets-
sjukhus och 6vriga sjukhus.

Postoperativ rendezvous ERCP utgor ett alternativ till peroperativ rendez-
vous ERCP for behandling av sten i djupa gallvdgarna, som uppticks under
pagéende galloperation, i de fall ERCP-resurser saknas eller ar begriansade.

Kirurgi och ERCP utgér likvéirdiga behandlingsmetoder for sten i djupa
gallvdgarna avseende risken for hjart-kérl komplikationer.

Hogre undersdokningsvolym av ERCP pa skopist- och enhetsniva &r korre-
lerad till sékrare och mer lyckosam ERCP.
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Background: The risk of post-endoscopic retrograde cholangiopancreatography (ERCP) pancreatitis
(PEP) could be related to technical or patient-related factors. The aim of this study was to assess whether
clinical variables and co-morbidities influence the risk of developing PEP.

Methods: Data were retrieved from the Swedish GallRiks registry, including all ERCP procedures
performed in 2006-2014 for common bile duct stones. A total of 15800 procedures were identified
and cross-checked. Univariable and multivariable logistic regression analyses were conducted with the
endpoint of PEP using the following co-variables: age, sex, ASA grade, previous history of acute
pancreatitis, diabetes, hyperlipidaemia, hypercalcaemia, kidney disease and liver cirrhosis.

Results: Women (odds ratio (OR) 1-33, 95 per cent c.i. 1-14 to 1.55), patients aged less than 65 years
(OR 1-68, 1-45 to 1-94), patients with hyperlipidaemia (OR 1-32, 1-02 to 1-70) and those with a previous
history of acute pancreatitis (OR 5-44, 4-68 to 6-:31) had a significantly increased risk of PEP. In a
subgroup analysis of patients with a previous history of acute pancreatitis, the mean time from previous
pancreatitis to ERCP was 4423 days in patients who developed PEP versus 6990 days in patients who
did not (P =0-037). However, when the previous episode of pancreatitis had occurred more than 30 days
before ERCP, this association was no longer significant (P = 0-858). Patients with diabetes had a decreased
risk of PEP (OR 0-64, 0-48 to 0-85).

Conclusion: Age, sex, hyperlipidaemia and previous history of recent acute pancreatitis increase the risk

of PEP. The reduced risk of PEP in patients with diabetes should be explored in future studies.
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Introduction

One of the most feared complications described after endo-
scopic retrograde cholangiopancreatography (ERCP) is
post-ERCP pancreatitis (PEP), which occurs with an inci-
dence of 3-5-5 per cent!?. PEP is defined’ as ‘clinical pan-
creatitis with amylase at least three times the upper limit
of normal at more than 24 h after the procedure requiring
hospital admission or prolongation of planned admission’,
whereas its severity has been based mainly on the length of
hospital stay.

© 2019 The Authors. BFS Open published by John Wiley & Sons Ltd on behalf of BJS Society Ltd

The risk of developing PEP can be assessed in relation to
several variables, including technical factors (manipulation
and injection of contrast into the pancreatic duct, cannula-
tion attempts lasting more than 5 min, and biliary balloon
sphincter dilatation) and patient-related factors such as
female sex, younger age, sphincter of Oddi dysfunction? >
and a previous history of PEP or pancreatitis®. The most
common causes of acute pancreatitis are biliary stone
and alcohol abuse. However, other conditions, including
long-term haemodialysis or peritoneal dialysis, are asso-
ciated with an increased risk’”-®, and co-morbidities such
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Table 1 ICD codes for the different conditions

ICD9 ICD10
Acute pancreatitis K85
Diabetes (all) 250 E10
E11
E12
Diabetes type 1 E10
Liver cirrhosis 456C 185
571 K70.3
K71.7
K74
Hyperlipidaemia E78
Hypercalcaemia E83.5
Kidney disease 402A 112.0
402B 113.1
403B NO03.2-N03.7
403X N05.2-N05.7
582 N19
583A-583H N25.0
585 749.0-749.2
586 Z94.0
588A 799.2
V42A
V45B
V56

as peptic ulcer, hepatic disease and diabetes are frequently
described’.

In particular, patients with type 2 diabetes have a
1-91-fold increased risk of developing biliary disease and a
2-83-fold increased risk of pancreatitis'®. An increased risk
of pancreatitis has also been shown to be associated with
younger age and the presence of hypertriglyceridaemia!!,
and a reduced risk associated with the use of insulin and
long-term use of metformin in diabetic patients'?. Finally,
patients with more advanced cirrhosis (Child—Pugh grade
B and C) have a higher incidence of ERCP complica-
tions than those with Child~Pugh grade A', and an
increased risk of postprocedure bleeding, although not
of PEP!%,

The aim of the present study was to investigate the risk
of PEP in patients with diabetes, liver cirrhosis, hyperlipid-
aemia, hypercalcaemia and kidney disease.

Methods

Data in the GallRiks registry (the Swedish National
Quality Register for Gallstone Surgery and ERCP)
were retrieved and reviewed. GallRiks was started
in 2005 and includes approximately 90 per cent
of cholecystectomies and ERCPs performed in Swe-
den. GallRiks is regularly externally validated, and the
validation process and its national coverage results are
published each year’*~!7. Records include patient-

© 2019 The Authors.
B7S Open published by John Wiley & Sons Ltd on behalf of BJS Society Ltd
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All ERCPs performed in 2006-2014
n=57492

ERCP performed for reasons other than
CBD stones n=38603

‘ ERCP performed for CBD stones ‘

n=18889
Repeated ERCP after the first
[ — procedure
n=2801

‘ First ERCP performed for CBD stones

n=16088
Data on pancreatitis after ERCP
— missing
n=288

A
Data on postoperative pancreatitis
registered
n=15800

Fig. 1 Flow diagram for the study. ERCP, endoscopic retrograde
cholangiopancreatography; CBD, common bile duct

Table 2 Baseline characteristics of patients with pancreatitis after
endoscopic retrograde cholangiopancreatography registered in
the Swedish Nationwide Data Register GallRiks, 2006-2014

No. of patients

(n=15 800)

Age (years)* 64-6(19-1)
Sex

M 6140 (38-9)

F 9660 (61-1)
ASA fitness grade

| 5208 (33-0)

I 7484 (47-4)

1] 2944 (18-6)

1\ 163 (1-0)

Vv 1(0-0)
History of acute pancreatitis 2567 (16-2)
Diabetes 1947 (12-3)
Hyperlipidaemia 1394 (8-8)
Hypercalcaemia 58 (0-4)
Kidney disease 579 (37)
Liver cirrhosis 185 (1-2)

Values in parentheses are percentages unless indicated otherwise; *values
are mean(s.d.).

and procedure-related data as well as intraoperative
and postoperative complications up to 30days after
ERCP.

For the present study, all ERCP procedures registered
in GallRiks between 2006 and 2014 for bile duct stones
were included. ERCPs conducted for other indications,
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Risk of pancreatitis after endoscopic retrograde cholangiopancreatography

Table 3 Univariable and multivariable logistic analysis of risk factors for pancreatitis after endoscopic retrograde

cholangiopancreatography

) Univariable Multivariable
el analysis analysisi
post-ERCP
pancreatitis* QOdds ratiot P QOdds ratiot P
Age (years)
> 65 349 of 9140 (3-8)
<65 416 of 6660 (6-2) 1-68 (1-45, 1:94) < 0-001
Sex
M 250 of 6140 (4-1)
F 515 of 9660 (5-3) 1.33 (1-14, 1.55) < 0-001
History of acute pancreatitis 363 of 2567 (14-1) 5.26 (4-53, 6-10) < 0-001 5-44 (4-68, 6-31) < 0-001
Diabetes (all) 56 of 1947 (2-9) 0-55 (042, 0-72) < 0-001 0-64 (0-48, 0-85) 0-002
Diabetes type 1 21 of 564 (3-7) 072 (0-47,1-13) 0724 0-84 (0-54, 1-31) 0-437
Liver cirrhosis 12 of 185 (6-5) 1.37 (0-76, 247) 0-296 1.39(0-77, 2:51) 0-277
Hyperlipidaemia 72 of 1394 (5-2) 1.08 (0-84, 1-38) 0-556 1.32(1.02, 1.70) 0.036
Hypercalcaemia 2 of 58 (3-4) 0-70 (017, 2-88) 0-622 0-76 (018, 3-11) 0-756
Kidney disease 27 of 579 (4-7) 0-96 (0-65, 1-42) 0-838 1.16 (0-78, 1.72) 0-474

Values in parentheses are *percentages and 795 per cent confidence intervals. $Adjustments were made for sex and age (at least 65 years versus less than

65 years). ERCP, endoscopic retrograde cholangiopancreatography.

repeated ERCP (in the same patient) and ERCPs with
missing follow-up data were excluded.

PEP was defined as typical abdominal pain, a serum
amylase level more than three times the upper limit of
normal more than 24h after ERCP, and the need for
hospitalization®.

Data on chronic disease (diabetes, liver cirrhosis, hyper-
lipidaemia, hypercalcaemia and kidney disease) and pre-
vious episodes of acute pancreatitis were obtained by
cross-checking GallRiks data with that in the National
Patient Register using ICD codes (Table 1).

The Regional Ethics Review Board in Stockholm
approved the study (reference number 2015/339-31/1).

Statistical analysis

Univariable and multivariable logistic regression analyses
with the endpoint of PEP were performed. In the multi-
variable analyses, adjustment was made for sex and age (at
least 65 years versus less than 65 years). Adjustments in the
multivariable analysis were made based on assumptions of
cause—effect relationships.

A subgroup analysis was conducted in patients with a pre-
vious history of pancreatitis. The mean(s.d.) time between
the previous episode of pancreatitis and ERCP was deter-
mined and compared in patients who developed PEP
following ERCP and those who did not have this com-
plication, using Student’s 7 test. Statistical analysis was
performed with SPSS® version 25 (IBM, Armonk, New
York, USA).

© 2019 The Authors.
B7S Open published by John Wiley & Sons Ltd on behalf of BJS Society Ltd

Some 15800 of 57492 ERCP procedures carried out
between 2006 and 2014 that met the study design criteria
were analysed (Fig. I). Patient characteristics and risk fac-
tors for PEP are shown in 7able 2.

Tuble 3 shows the results of univariable and multivariable
analyses with the endpoint of PEP. Univariable analysis
found a significantly greater risk of PEP in women (odds
ratio (OR) 1-33, 95 per cent c.i. 1-14 to 1-55), patients
aged less than 65 years (OR 1-68, 1-45 to 1-94) and those
with a previous history of acute pancreatitis (OR 5-26, 4-53
to 6-10). Patients with diabetes had a lower risk of PEP
(OR 0-55, 0-42 to 0-72). In multivariable analysis, after
adjustment for age and sex, a previous history of acute
pancreatitis (OR 5-44, 4-68 to 6-31) and hyperlipidaemia
(OR 1-32, 1-02 to 1-70) were found to increase the risk of
PEP, whereas diabetes decreased the risk (OR 0-64, 0-48 to
0-85).

In a subgroup analysis of 2567 patients with a previous
history of acute pancreatitis, the mean(s.d.) time from the
previous episode of pancreatitis to ERCP was 4423(5262)
days in patients who developed PEP versus 6990(5071) days
in those who did not develop PEP (P =0-037). However,
when the previous episode of pancreatitis had occurred
more than 30 days before ERCP, this association was no
longer significant. In that group, the mean time from
pancreatitis to ERCP was 7772(4747) days in patients who
did not develop PEP and 7727(4781) days in those who did
(P=0-858).

www.bjsopen.com
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Discussion

This national register-based analysis found that women,
patients aged less than 65 years and those with a previ-
ous history of acute pancreatitis had a significantly greater
risk of PEP, as documented previously by other authors? 6.
However, as it is difficult to distinguish a new episode of
acute pancreatitis from an exacerbation of an ongoing pro-
cess, patients with pancreatitis immediately before ERCP
were excluded, indicating that an episode of pancreatitis
occurring more than 30 days before elective ERCP had no
association with the development of PEP.

In accordance with previous studies'!"!® investigating
hypertriglyceridaemia, hyperlipidaemia was also found
to increase the risk of PEP. However, other associated
co-morbidities such as obesity were not investigated in the
present study as data on BMI were not available in the
registry. Similarly, other possible conditions influencing
the risk of PEP, such as alcohol abuse and medications, are
not registered consistently in GallRiks.

Although the literature’#!” documents contrasting
results with respect to hypercalcaemia/kidney disease and
risk of PEP, it should be noted that only 58 patients in the
present cohort had hypercalcaemia and 579 had kidney
disease, with no data on the degree of renal failure; thus it
would be difficult to draw any firm conclusion regarding
the association between hypercalcaemia/kidney disease
and PEP.

Similar to previous findings'*!4, liver cirrhosis was not
found to be a risk factor for PEP.

In contrast to previous studies in which diabetes
was shown to be associated with acute pancreatitis, a
decreased risk of PEP was found in diabetic patients. This
was confirmed in the multivariable analysis, after adjust-
ment for age and sex. It has been shown previously'? that
the risk of acute pancreatitis is dependent on the type
of diabetes medication received by patients. Although the
cohort of diabetic patients consisted of patients on different
kinds of diabetic treatment, the registry lacked informa-
tion on disease severity and treatment; thus these associ-
ations were not investigated and need to be validated in
future studies.

10.20
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Abstract

Background Rendezvous endoscopic retrograde cholangiopancreaticography (ERCP) is a well-established method for treat-
ment of choledocholithiasis. The primary aim of this study was to determine how different techniques for management of
common bile duct stone (CBDS) clearance in patients undergoing cholecystectomy have changed over time at tertiary referral
hospitals (TRH) and county/community hospitals (CH). The secondary aim was to see if postoperative rendezvous ERCP is
a safe, effective and feasible alternative to intraoperative rendezvous ERCP in the management of CBDS.

Methods Data were retrieved from the Swedish registry for cholecystectomy and ERCP (GallRiks) 2006-2016. All chol-
ecystectomies, where CBDS were found at intraoperative cholangiography, and with complete 30-day follow-up (n=10,386)
were identified. Data concerning intraoperative and postoperative complications, readmission and reoperation within 30 days
were retrieved for patients where intraoperative ERCP (n=2290) and preparation for postoperative ERCP were performed
(n=2283).

Results Intraoperative ERCP increased (7.5% 2006; 43.1% 2016) whereas preparation for postoperative ERCP decreased
(21.2% 2006; 17.2% 2016) during 2006-2016. CBDS management differed between TRHs and CHs. Complications were
higher in the postoperative rendezvous ERCP group: Odds Ratio [OR] 1.69 (95% confidence interval [CI] 1.16-2.45) for
intraoperative complications and OR 1.50 (CI 1.29-1.75) for postoperative complications. Intraoperative bleeding OR 2.46
(CI 1.17-5.16), postoperative bile leakage OR 1.89 (CI 1.23-2.90) and postoperative infection with abscess OR 1.55 (CI
1.05-2.29) were higher in the postoperative group. Neither post-ERCP pancreatitis, postoperative bleeding, cholangitis,
percutaneous drainage, antibiotic treatment, ICU stay, readmission/reoperation within 30 days nor 30-day mortality differed
between groups.

Conclusions Techniques for management of CBDS found at cholecystectomy have changed over time and differ between TRH
and CH. Rendezvous ERCP is a safe and effective method. Even though intraoperative rendezvous ERCP is the preferred
method, postoperative rendezvous ERCP constitutes an acceptable alternative where ERCP resources are lacking or limited.

Keywords Rendezvous ERCP - Choledocholithiasis - Complications
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duct stones discovered during laparoscopic cholecystectomy.
This laparo-endoscopic rendezvous (LERV) technique was
first described in 1993 by Deslandres et al. [6] and has been
shown to have a high rate of CBD stone clearance and a
lower complication rate, particularly post-ERCP pancrea-
titis, compared to conventional ERCP [7-15]. This may be
due to the facilitated access to the common bile duct with
less manipulation and trauma to the papilla Vateri.

An alternative to the single-session intraoperative ERCP
procedure is the postoperative rendezvous ERCP technique,
in which the antegrade transcystic guidewire is passed into
the duodenum and anchored to the cystic duct with lapa-
roscopic clips. The opposite end of the guidewire is then
deviated through the abdominal wall and attached to the
skin, leaving the guidewire in situ. The cholecystectomy
procedure is completed and the rendezvous ERCP conducted
within a few days afterwards using the guidewire to help
cannulate the bile duct.

Intraoperative rendezvous ERCP has been recommended
as the method of choice rather than postoperative rendez-
vous ERCP due to lower morbidity, lower costs and shorter
hospital stay [16—19]. Nevertheless, the extended operation
time and limited access of endoscopic expertise is associ-
ated with organizational and logistic challenges with this
technique [8, 9, 14]. There are several units in Sweden where
cholecystectomies are performed without ERCP resources
available. Furthermore, in most of the units where ERCP
is an established method for management of common bile
duct stones during cholecystectomy, there is no endoscopic
expertise available during evenings, week-ends and some-
times not even on a regular basis during weekdays [1].

The primary aim of this nation-wide population-based
study was to assess how different techniques for the

Fig. 1 Alternative techniques
for management of CBDS found
at cholecystectomy in Sweden
2006-2016

@ Springer

management of CBDS clearance have changed over time
at TRHs and CHs. The secondary aim was to see if post-
operative rendezvous ERCP is a safe, effective and feasible
alternative to intraoperative rendezvous ERCP in the man-
agement of CBDS clearance and complications.

Materials and methods

The study was based on a cohort of prospectively registered
data from GallRiks (The Swedish National Quality Registry
for Gallstone Surgery and ERCP) 2006-2016.

GallRiks started 1st of May 2005 and covers about 90%
of all cholecystectomies and ERCPs in Sweden. All ERCPs
are registered-, together with patient- and procedure-related
data. All intra- and postoperative complications are regis-
tered, and the completeness of 30-day follow-up of post-
operative complications, including post-ERCP pancreatitis
(PEP), is approximately 95%. PEP is defined according to
the Cotton criteria [20]. GallRiks is regularly externally vali-
dated [21, 22].

In the case of choledocholithiasis found at cholecystec-
tomy, data were registered in GallRiks as one of the follow-
ing treatment alternatives: “open choledochotomy”; “tran-
scystic stone extraction”; “flushed or manipulated stones”;
“laparoscopic choledochotomy”; “intraoperative ERCP/
rendezvous ERCP”; “preparation for postoperative ERCP/
rendezvous ERCP”; or “no further procedure”.

Data on methods used to treat CBDS during scheduled
and acute cholecystectomies at tertiary referral hospitals and
county and community hospitals were collected (Figs. 1, 2).
In Sweden there are seven university hospitals/tertiary refer-
ral hospitals and 65 county and community hospitals.

B Open choledochotomy.

7 Transcystic stone extraction

s Flushed manipulated

NN |ntraoperative ERCP

Laparoscopic choledochotomy.
[N No further procedure

N Preparing for postoperative ERCP
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Tertiary Referral Hospitals

County and Community Hospitals

I Open choledochotomy

Transcystic stone extraction

e Flushed manipulated

I (ntraoperative ERCP

Laparoscopic choledochotomy
[ No further procedure.

I Preparing postoperative ERCP

Fig.2 Frequency of intraoperative ERCP and preparing postoperative ERCP as alternatives to treat CBDS discovered during cholecystectomy at
Tertiary Referral Hospitals compared with County and Community Hospitals in Sweden 2006-2016

The primary outcome of this study was changes in tech-
niques used for management of common bile duct stone
(CBDS) clearance over time at TRHs and CHs. The sec-
ondary outcome was intraoperative and postoperative com-
plications, stone clearance and mortality with postoperative
rendezvous ERCP compared to intraoperative rendezvous
ERCP. The intraoperative complications analyzed were
overall complications and bleeding and the postoperative
complications included overall complications, bleeding, pan-
creatitis, cholangitis, bile leakage, infection with abscess,
percutaneous drainage, antibiotic treatment, ICU stay, read-
mission and reoperation within 30 days (as a proxy for stone
clearance rate/retained stones) and 30-day mortality. We
have also analyzed length of hospital stay.

The Regional Ethics Review Board in Uppsala approved
the study the 18th of September 2018 (Reference Number:
2016/281/1) after a complementary application to the origi-
nal ethics approval from 2nd of November 2016 (Reference
Number: 2016/281/1).

Statistics

Univariate and multivariate regression analyzes were used
as well as Pearson Chi Square Test and Student’s T Test.

The analyzes were based on patients undergoing chol-
ecystectomy with intraoperative ERCP and patients undergo-
ing cholecystectomy as well as postoperative ERCP in two
separate procedures. The complication rate was determined
by extracting intraoperative and postoperative complica-
tions within 30 days after the cholecystectomy as well as the
postoperative ERCP. In univariate and multivariate logistic
regression analysis, the odds ratio for intra- and postopera-
tive complications was determined, adjusted for gender, age
and ASA score.

Statistical significance was defined as p <0.05. Statisti-
cal analysis was carried out using JMP® Pro version 14.0.0
(SAS Institute Inc., USA).

Results

In this study all cholecystectomies performed 2006-2016,
where CBDS were found at intraoperative cholangiography
and 30-day follow-up was complete were included. In total
10,386 procedures fulfilled the criteria (Fig. 3). Data for
CBDS clearance and complications were retrieved for
intraoperative rendezvous ERCP (n=2290) as well as for

Index
Cholecystectomies
2006-2016
With complete 30-day
Follow-up
115855

Excluded indications
Part of major surgery/

3794

Cholecystectomies
112061

Successful intraop cholangio
95644

Normal
82 418 (86.2%)

Bile duct stone
10 386 (10.9%)

Susp stenos/tumor.
335 (0.3%)

Fig.3 Flowchart cholecystectomies in Sweden 2006-2016
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Bile duct stones
' 10 386 )

No further . Open

Lap P
Choledochotomy Choledochotomy
274 (2.6%) -

procedure
1370 (13.2%) 1491 (14.4%)

Flushed/

Transcystic
1474 (14.2%)

Manipulated
1204 (11.6%)
Intraop Preparing
ERCP Postop ERCP

2290 (22.0%) 2283 (22.0%)

Fig.4 Flowchart common bile duct stones in Sweden 2006-2016

Table 1 Demographics of the two groups: intraoperative and prepar-
ing postoperative ERCP, ERCP within 30 days

ERCP P
Intraop n=2290 Preparing postop
n=2283
Females®
n 1493 1536
% 65.2 67.3
Males
n 797 747
% 34.8 327
Total
n 2290 2283 0.1363
ASA 1-2
n 2071 2104
% 90.4 92.2
ASA>2
n 219 179
% 9.6 7.8 0.0388
Age® (years)
Mean 51.3 529
SEM 0.4 0.4 0.0023

Statistically significant values are given in bold
“Pearson ChiSquare
bStudent’s  test

procedures where preparation for postoperative rendezvous
ERCP was undertaken (n=2283, Fig. 4).

Patients in the group with preparation for postoperative
rendezvous ERCP were slightly older. More patients in the
intraoperative ERCP group had an ASA score > 2. There
were no gender-specific differences between the two groups
(Table 1).

The percentage intraoperative ERCP procedures increased
from 7.5 to 43.1% during the study period, and since 2013 it
has been the predominant method for management of CBDS

@ Springer

found at cholecystectomy. Preparation for postoperative ren-
dezvous ERCP, on the other hand, gradually decreased dur-
ing the final years of the study period, 21.2% in 2006 and
17.2% in 2016 (Fig. 1).

Management of CBDS differ between TRHs and CHs.
The most commonly used method was intraoperative ERCP,
though this option was more commonly used at TRHs; 47.8%
(2016) compared to 41.8% at CHs. On the other hand, prepa-
ration for postoperative rendezvous ERCP was more frequent
in CHs; 19.7% (2016) compared to 8.3% at TRHs (Fig. 2).

The intraoperative complication rate was lower in the
intraoperative rendezvous ERCP group compared to the
postoperative rendezvous ERCP group (2.0% vs. 3.4%;
p=0.0031). The same pattern was noted regarding postop-
erative complication rates (15.6% vs. 21.8%; p<0.0001).

Intraoperative bleeding rate was lower in the intraopera-
tive rendezvous ERCP group compared to the postoperative
ERCP rendezvous group (0.4% vs. 1.1%; p=0.0106).

There were no significant differences between the two
groups regarding postoperative bleeding, pancreatitis, chol-
angitis, percutaneous drainage, antibiotic treatment, ICU
stay or reoperation within 30 days.

Postoperative bile leakage and infection with abscess
rates were lower in the intraoperative ERCP group compared
to the postoperative rendezvous ERCP group (1.4% vs. 2.7%;
p=0.0025 and 1.9% vs. 2.9%; p=0.0197 respectively).

Readmission rate within 30 days and 30-day mortality
were higher in the intraoperative ERCP group (0.7% vs.
0.3%; p=0.0498 and 0.31% vs. 0.04%; p=0.0341 respec-
tively) (Table 2).

In the multivariate analzses overall intraoperative and
overall postoperative complications, intraoperative bleed-
ing, postoperative bile leakage and postoperative infection
with abscess were all significantly higher in the postopera-
tive rendezvous ERCP group. The Odds Ratio for overall
complications in the postoperative rendezvous ERCP group
with the intraoperative ERCP group as a reference was 1.69
(CI 1.16-2.45) intraoperatively, and 1.50 (CI 1.29-1.75)
postoperatively. The odds ratio for intraoperative bleeding
was 2.46 (CI 1.17-5.16), for postoperative bile leakage 1.89
(CI 1.23-2.90) and for postoperative infection with abscess
1.55 (CI 1.05-2.29) (Table 3).

The total length of hospital stay was somewhat shorter
for patients who underwent intraoperative ERCP compared
to patients who were prepared for postoperative ERCP
(Table 4).

Discussion

In this study, based on prospectively assembled population-
based data from GallRiks, we compared methods of man-
aging CBDS found at intraoperative cholangiography in a
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Table 2 Intra- and postoperative complications n (%), ERCP within
30 days

Intraop ERCP n (%) Preparing P*

postop n
(%)
Intraoperative compli-

cations

Overall 45 (2.0) 77 (3.4) 0.0031
Bleeding 10 (0.4) 25(1.1) 0.0106

Postoperative compli-

cations

Overall 357 (15.6) 497 (21.8)  <0.0001
Bleeding 28 (1.2) 20(0.9) 0.2501
Pancreatitis 108 (4.7) 101 (4.4) 0.6362
Cholangitis 14 (0.6) 21(0.9) 0.2314
Bile leakage 33(1.4) 62 (2.7) 0.0025
Infection with abscess 43 (1.9) 67 (2.9) 0.0197
Percutaneous drain- 51(22) 69 (3.0) 0.0925

age
Antibiotic treatment 223 (9.7) 237(104)  0.4697
ICU stay 6(0.3) 3(0.1) 0.3191
Readmission within 15(0.7) 6 (0.3) 0.0498
30 days

Reop within 30 days 46 (2.0) 48 (2.1) 0.8232
Mortality 30 days 7(0.31) 1(0.04)  0.0341

Statistically significant values are given in bold

“Pearson ChiSquare

Table 3 Intra- and postoperative complications of preparing for post-
operative versus intraoperative ERCP (reference)

Intraop ERCP ref
OR 95% CI P
Intraoperative complications
Overall 1.69 (1.16-2.45) 0.0061
Bleeding 2.46 (1.17-5.16) 0.0170
Postoperative complications
Overall 1.50 (1.29-1.75) < 0.0001
Bleeding 0.72 (0.40-1.28) 0.2581
Pancreatitis 0.95 (0.72-1.25) 0.7053
Cholangitis 1.53 (0.77-3.02) 0.2229
Bile leakage 1.89 (1.23-2.90) 0.0034
Infection with abscess 1.55 (1.05-2.29) 0.0270
Percutaneous drainage 1.34 (0.93-1.94) 0.1191
Antibiotic treatment 1.06 (0.88-1.29) 0.5336
ICU stay 0.51 (0.13-2.04) 0.3394
Readmission within 30 days 0.41 (0.16-1.07) 0.0681
Reop within 30 days 1.05 (0.70-1.58) 0.8146
Mortality 30 days 0.16 (0.02-1.35) 0.0927

ERCP within 30 days. Multivariate analysis
Adjusted for gender, age and ASA

Statistically significant values are given in bold

Table 4 Length of stay (days)

Intraop ERCP Preparing postop ERCP
Mean SEM Mean SEM P
4.7 0.1 5.1 0.1 0.0454

large number of cholecystectomies over a long period of
time. We surveyed the management of CBDS over time as
well as differences between tertiary referral hospitals com-
pared to community/county hospitals. The decision on treat-
ment regimens is mainly based on local traditions at each
respective hospital. There are units where cholecystectomies
are performed on regular basis but where there is a lack of
ERCP resources. At such units, two-stage procedures are the
only choice besides transcystic stone extraction or extraction
by choledochotomy.

We focused on the two most common treatment options
regarding choledocholithiasis; intraoperative and postop-
erative rendezvous ERCP and compared these methods
regarding intraoperative and postoperative complication
rates as well as readmission, reoperation and mortality. In
recent years intraoperative rendezvous ERCP has been estab-
lished as the method of choice in many units where ERCP
resources at cholecystectomy are available. The result of
this is that it has not been possible to conduct a prospective
randomized-controlled trial comparing the two methods.

CBDS are commonly found during cholecystectomy
when intraoperative cholangiography (IOC) is routinely
performed [15]. Open choledochotomy, traditionally con-
sidered the first-hand technique for managing CBDS, has
decreased in recent years. On the other hand, minimally
invasive laparoscopic and laparo-endoscopic methods have
become more frequently used. There are several strategies
to manage CBDS but the optimal method as well as timing
is still under debate [5, 16, 23-30].

ERCP is a well-established method for treatment of dis-
eases of the common bile ducts, including bile duct calculi
[1, 31]. ERCP has traditionally been performed as a two-
stage procedure, either as preoperative ERCP followed by
laparoscopic cholecystectomy or laparoscopic cholecystec-
tomy followed by postoperative ERCP. However, 4-18% of
attempted ERCPs fail due to inability to cannulate the bile
duct [1, 32]. ERCP may also lead to serious complications,
of which post-ERCP pancreatitis (PEP) is the most frequent
with an incidence of 3.5-5% [1, 33]. The risk of develop-
ing PEP depends on patient-related factors such as female
gender, younger age and Sphincter of Oddi dysfunction [34].
Technical factors such as manipulation of and injection of
contrast into the pancreatic duct, biliary balloon sphinc-
ter dilation and cannulation attempts lasting > 5 min, also
increase the risk [33, 35, 36].
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Intraoperative rendezvous ERCP is an effective and safe
method to treat CBDS found at cholecystectomy and con-
comitant cholangiography [7—14]. The operative technique
of laparo-endoscopic rendezvous is straight-forward and
suitable for almost all patients with CBDS. In this way chol-
ecystectomy and management of CBDS are performed in a
single procedure, thereby limiting anesthesia to one occasion
and minimal hospital stay, health care resources and costs.
In Sweden, therefore, at hospitals where ERCP is available,
intraoperative rendezvous ERCP has been the method of
choice in the management of CBDS during cholecystectomy.

In this study we have shown that during the period
2006-2016, intraoperative ERCP gradually became the pre-
dominating method to manage CBDS at all hospital levels
in Sweden and by 2016 60% of patients were managed this
way. Intraoperative rendezvous ERCP was the method of
choice at all hospital levels, but most commonly used in
TRHs. Preparing for postoperative rendezvous ERCP, on
the other hand, was performed twice as often in CHs com-
pared to TRHs. In 2016 postoperative rendezvous ERCP
was the second most common method of managing CBDS
in these hospitals compared to only the fourth most com-
mon method at TRHs, probably due to a lack of resources
for performing intraoperative ERCP in non-specialized
centers.

The complication rate regarding intraoperative ERCP and
preparing postoperative ERCP is assessed intraoperatively
(overall complications, bleeding) as well as 30 days after
the procedure (overall complications, bleeding, pancreatitis,
cholangitis, bile leakage, infection with abscess, percutane-
ous drainage, antibiotic treatment, ICU stay, readmission,
reoperation, mortality). Since intraoperative ERCP is con-
ducted simultaneously with the cholecystectomy and postop-
erative ERCP in most cases is performed within 1 or 2 days
after cholecystectomy we cannot exclude that some of the
observed complications could have been caused by the chol-
ecystectomy rather than the ERCP.

The overall incidence of intra- and postoperative com-
plications as well as intraoperative bleeding, postoperative
bile leakage and postoperative infection with abscess was
higher in postoperative rendezvous ERCP compared to intra-
operative rendezvous ERCP. Manipulation of the guidewire
preparing for postoperative ERCP could be one possible
explanation for a higher rate of postoperative bile leakage
and infection in this group. If the clips around the cystic
duct, anchoring the guide wire, are applied too loose there
probably is a risk for subsequent bile leakage.

The rate of the most common surgical complication, post-
ERCP pancreatitis, was not significantly higher in patients
treated with postoperative rendezvous ERCP, neither were
postoperative bleeding, cholangitis, need for percutaneous
drainage, antibiotic treatment, ICU stay or 30-day mortality.

@ Springer

Readmission and reoperation within 30 days rates, a
proxy for stone clearance and effectiveness of the ERCP
procedure, were also similar between the groups.

Since many cholecystectomies are performed in hospitals
where ERCP is not performed at all, or performed during
off-hours when access to ERCP is limited, there is a need
for an alternative management solution. Preparing for post-
operative rendezvous ERCP by leaving a guidewire for later
definitive treatment of CBDS the days following cholecys-
tectomy is a feasible alternative. The routine of leaving a
guidewire through the abdominal wall bandaged to the skin
cause some discomfort to the patient, even if most patients
seem to tolerate the guidewire quite well.

Based on the results of this study we believe that lap-
aro-endoscopic biliary duct stone clearance techniques are
safe and effective. Intraoperative rendezvous ERCP is the
method of choice due to a lower complication rate and opti-
mal utilization of hospital resources. Postoperative rendez-
vous ERCP constitutes an acceptable alternative in situa-
tions where ERCP resources are lacking or limited. It is
technically easier to perform compared to non-rendezvous
postoperative ERCP since the cannulation of the common
bile duct is facilitated by a guide wire to the duodenum.
This often renders the ERCP procedure faster, with less risk
of traumatizing the papilla with subsequent oedema and in
some cases PEP.
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Abstract

Background Common bile duct stone (CBDS) is a common condition the rate of which increases with age. Decision to treat
in particular elderly and frail patients with CBDS is often complex and requires careful assessment of the risk for treatment-
related cardiovascular complications. The aim of this study was to compare the rate of postoperative cardiovascular events in
CBDS patients treated with the following: ERCP only; cholecystectomy only; cholecystectomy followed by delayed ERCP;
cholecystectomy together with ERCP; or ERCP followed by delayed cholecystectomy.

Methods The study was based on data from procedures for gallstone disease registered in the Swedish National Quality
Register for Cholecystectomy and Endoscopic Retrograde Cholangiopancreatography (GallRiks) 2006-2014. ERCP and
cholecystectomy procedures performed for confirmed or suspected CBDS were included. Postoperative events were registered
by cross-matching GallRiks with the National Patient Register (NPR). A postoperative cardiovascular event was defined as
an ICD-code in the discharge notes indicating myocardial infarct, pulmonary embolism or cerebrovascular disease within
30 days after surgery. In cases where a patient had undergone ERCP and cholecystectomy on separate occasions, the 30-day
interval was timed from the first intervention.

Results A total of 23,591 underwent ERCP or cholecystectomy for CBDS during the study period. A postoperative car-
diovascular event was registered in 164 patients and death within 30 days in 225 patients. In univariable analysis, adverse
cardiovascular event and death within 30 days were more frequent in patients who underwent primary ERCP (p <0.05). In
multivariable analysis, adjusting for history of cardiovascular disease or events, neither risk for cardiovascular complication
nor death within 30 days remained statistically significant in the ERCP group.

Conclusions Primary ERCP as well as cholecystectomy may be performed for CBDS with acceptable safety. More studies
are required to provide reliable guidelines for the management of CBDS.

Keywords ERCP - Choledocholithiasis - Cardiovascular complication

Common bile duct stone (CBDS) is a common disease  asymptomatic, but may cause biliary pancreatitis, obstruc-
with varying clinical manifestations. CBD stones are often  tive jaundice, cholangitis, or recurrent pain [1, 2]. There
are several accepted methods of treatment for CBDS [3-8].
Cholecystectomy with or without concomitant intraoperative
4 Eva-Lena Syrén rendezvous endoscopic retrograde cholangiopancreaticogra-
eva.lena.syren@akademiska.se phy (ERCP), if CBDS is found on intraoperative cholangio-
graphy (I0C), is a well-established, safe and cost-effective
method for patients considered fit for surgery [9-12].
ERCP is sometimes performed as part of a two-stage pro-
cedure, either as ERCP followed by delayed cholecystec-
tomy or cholecystectomy followed by delayed ERCP [1, 13].
In some patients, where high age and comorbidity render
them too high risk for surgery, ERCP with sphincterotomy
and stone extraction may be preferred as sole interven-
tion, even if recurrent choledocholithiasis is more common
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when ERCP is the only treatment performed [14]. If ERCP
is performed without the aid of antegrade introduction of a
guidewire at IOC, 4-18% of attempts fail due to inability to
cannulate the bile duct [9]. Surgical complications, espe-
cially post-ERCP pancreatitis (PEP), are also more frequent
after standard ERCP compared to rendezvous ERCP [10,
11, 15-17].

The frequency of CBDS increases with age. This com-
plicates management as comorbidity and frailty increase the
risk for intervention-related complications. Cardiovascular
disease and biliary stone disease share risk factors such as
obesity, hypertension, diabetes, dyslipidemia, and cigarette
smoking [18-20]. There also appears to be an association
between gallstone disease and cardiovascular disease [21].

The cardiovascular complication and pulmonary throm-
boembolism (PTE) rates following laparoscopic cholecys-
tectomy and ERCP are low, even in elderly patients (<2%)
[22-25].

The aim of this study was to compare postoperative car-
diovascular complication rates (myocardial infarct, pulmo-
nary thromboembolism and/or cerebrovascular disease) in
patients with CBDS treated with: ERCP only; cholecystec-
tomy only; cholecystectomy followed by delayed ERCP;
cholecystectomy combined with ERCP; or ERCP followed
by delayed cholecystectomy.

Materials and methods

This study was based on procedures for gallstone disease
registered in the Swedish National Quality Register for
Cholecystectomy and Endoscopic Retrograde Cholangio-
pancreatography (GallRiks) 2006-2014. GallRiks registra-
tion began 1st May 2005 and now covers approximately 90%
of all cholecystectomies and ERCPs performed in Sweden,
including patient- and procedure-related data. All intra- and
postoperative adverse events, including cardiovascular com-
plications, are registered, and the completeness of 30-day
follow-up of postoperative complications is approximately
95%. GallRiks is regularly externally validated [26, 27].

In the present study, ERCP as well as cholecystectomy
performed with confirmed or suspected CBDS as indication
were included. Patients who underwent cholecystectomy
combined with ERCP were also included as long as either
of the procedures was performed with CBDS as indication.
ERCP or cholecystectomy performed because of malignant
stricture or suspicion of cancer were excluded as well as
patients who underwent one or more procedures without
CBDS as indication.

Patients with confirmed or suspected CBDS were
divided into five treatment groups: ERCP only; cholecys-
tectomy only; cholecystectomy followed by delayed ERCP,
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cholecystectomy combined with ERCP; or ERCP followed
by delayed cholecystectomy.

Postoperative events were registered by cross-matching
GallRiks with the National Patient Register (NPR). Data on
cardiovascular complications within 30 days after surgery,
defined as a diagnosis in the discharge notes with an ICD-
code indicating myocardial infarct, pulmonary embolism
or cerebrovascular disease (not including those who had an
ICD-code indicating cerebrovascular disease prior to sur-
gery), were retrieved from the NPR. If a patient had under-
gone both ERCP and cholecystectomy, the 30-day interval
was timed from the first intervention. Data on previous car-
diovascular events were also obtained from the NPR.

The Regional Ethics Review Board in Stockholm
approved the study 18th March 2015 (IRB-approval, refer-
ence number: 2015/339-31/1).

Consent from the patient to participate in register-based
research is required for registration in GallRiks. Patients are
given the opportunity to withdraw all their personal data at
any time from the register.

Statistics

In order to adjust for confounders, multivariate logistic
regression analyses were performed, with cardiovascu-
lar event (myocardial infarct and/or pulmonary embolus
and/or cerebrovascular disease) and death within 30 days
as endpoints. The multivariate models were based on age
(=80 years vs < 80 years), ASA score (III-V vs I-II), gender,
treatment and history of cardiovascular condition or event
(myocardial infarct, heart failure, peripheral vascular dis-
ease, cerebrovascular event, diabetes with secondary com-
plication or pulmonary embolism). Patients who underwent
cholecystectomy and ERCP during the same procedure and
those who underwent cholecystectomy and delayed ERCP
were grouped together with the cholecystectomy group,
whereas those who underwent ERCP and delayed cholecys-
tectomy were grouped together with the ERCP group. This
grouping was based on which procedure was the primary
intervention aimed at managing the CBDS.

Poisson regression was used to calculate the 30-day age-
and gender-adjusted standardized mortality ratio (SMR)
based on the expected mortality rate extrapolated from the
Swedish general population in 2007.

Results

During the study period, 103,208 patients underwent
cholecystectomy and/or ERCP due to gallstone disease.
After excluding cholecystectomies performed without
preoperatively diagnosed common bile duct stone and
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patients registered with more than one cholecystectomy,
23,591 patients remained in the study group. Of those,
8790 underwent ERCP only, 10,362 cholecystectomy only,
1032 cholecystectomy followed by delayed ERCP, 1258
cholecystectomy combined with ERCP, and 2149 ERCP
followed by delayed cholecystectomy (Fig. 1).

Patients in the ERCP only group were older, more often
female and ASA grade III-V vs I-I compared to the chole-
cystectomy only group. A previous history of cardiovascular
disease (myocardial infarct, heart failure, peripheral vascu-
lar disease, cerebrovascular event, diabetes with second-
ary complication or pulmonary embolism) was also much
more common in the ERCP only group. In the group ERCP

Patients undergoing

cholecystectomy only (N=87 120) only (N=8 790)

Patients undergoing ERCP

Patients undergoing ERCP and
cholecystectomy (N=7 298)

Patients undergoing cholecystectomy

and/or ERCP (N=103 208)

Patients undergoing cholecystectomy for

indication other than CBDS (N=79 606)

Patients undergoing cholecystectomy
and/or ERCP (N=23 602)

More than one cholecystectomy

registered (N=11)

Study group (N=23 591)

!

ERCP only
(N=8 790)

Cholecystectomy
only (N=10 362)

(N=1032)

Cholecystectomy
followed by
delayed ERCP

Cholecystectomy ERCP followed by

combined with delayed
ERCP (N=1 258) cholecystectomy
(N=2 149)

Fig. 1 Flow chart. Confirmed or suspected CBDS as indication for treatment
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followed by delayed cholecystectomy, patients were older
and more often had a previous history of cardiovascular dis-
ease compared to patients in the groups cholecystectomy
combined with ERCP, and cholecystectomy followed by
delayed ERCP (Table 1).

In all, a postoperative cardiovascular event was registered
in 164 cases and death within 30 days in 225 cases. Postop-
erative adverse event and death within 30 days were more
frequently seen in the ERCP only group compared to the
other groups. Myocardial infarct was at least twice as com-
mon (0.71%) and cerebrovascular lesion at least three times
as common (0.26%) in the ERCP only group compared to

Table 1 Baseline characteristics

the other groups. The incidence of pulmonary embolism was
more equally distributed between groups and most common
in the group cholecystectomy followed by delayed ERCP
(0.39%). Postoperative death within 30 days was between 5
and 20 times more common in the ERCP only group (1.97%)
(Table 2).

Age >80 years, ASA > 1 and history of cardiovascular
disease or event were all risk factors for postoperative com-
plication and death. In the univariable and multivariable
logistic regression analyses, cardiovascular complication
and death within 30 days were studied in the ERCP group
(ERCP only + ERCP with delayed cholecystectomy), with

ERCP only (N=8790) Cholecystectomy Cholecystectomy Cholecystectomy ERCP followed by
only (N=10,362) followed by delayed combined with ERCP  delayed cholecystectomy
ERCP (N=1032) (N=1258) (N=2149)
Gender
Men 3653 (36.1%) 4650 (46.0%) 413 (4.1%) 479 (4.7%) 918 (9.1%)
Women 5137 (38.1%) 5712 (42.4%) 619 (4.6%) 779 (5.8%) 1231 (9.1%)
Mean age, years 73.5(15.5) 53.5(17.8) 55.0(17.9) 49.4 (18.4) 58.8 (16.1)
(standard deviation)
ASA
1 1583 (18.9%) 4631 (56.1%) 429 (5.2%) 646 (7.8%) 980 (11.9%)
I 4627 (41.5%) 4570 (41.0%) 468 (4.2%) 515 (4.6%) 985 (8.7%)
11 2451 (61.9%) 1092 (27.8%) 128 (3.2%) 95 (2.4%) 191 (4.8%)
v 148 (62.7%) 66 (28.0%) 7 (3.0%) 2 (0.8%) 13 (5.5%)
\Y 1 (25.0%) 3 (75.0%) 0 0 0
History of cardiovascular disease and events
Myocardial infarct 1140 (13.0%) 373 (3.6%) 49 (4.7%) 35 (2.8%) 103 (4.8%)
Cardiac failure 1406 (16.0%) 363 (3.5%) 43 (4.2%) 34 (2.7%) 100 (4.7%)
Peripheral vascular 691 (7.9%) 209 (2.0%) 19 (1.8%) 26 (2.1%) 72 (3.4%)
disease
Cerebrovascular event 1536 (17.5%) 512 (4.9%) 54 (5.2%) 54 (4.3%) 130 (6.0%)
Diabetes with second- 454 (5.2%) 188 (1.8%) 21 (2.0%) 14 (1.1%) 53 (2.5%)
ary complication
Pulmonary embolism 270 (3.1%) 112 (1.1%) 16 (1.6%) 7 (0.6%) 26 (1.2%)

Table 2 Postoperative adverse events in confirmed or suspected CBDS within 30 days in the Swedish National Quality Register for Cholecystec-
tomy and Endoscopic Retrograde Cholangiopancreatography (GallRiks) 20062014

ERCP only Cholecystectomy Cholecystectomy  Cholecystectomy  ERCP followed by Total complication
(N=28790) only (N=10,362) followed by combined with delayed cholecys-  incidence (N=164)
delayed ERCP ERCP (N=1258) tectomy (N=2149) and death (N=225)
(N=1032)
Myocardial infarct 62 (0.71%) 13 (0.13%) 3(0.29%) 1(0.08%) 3(0.14%) 82
Cerebrovascular 23 (0.26%) 5(0.05%) 1 (0.10%) 0 (0%) 2 (0.09%) 31
lesion
Pulmonary embo- 23 (0.26%) 19 (0.18%) 4 (0.39%) 3(0.24%) 2 (0.09%) 51
lism
Postoperative 173 (1.97%) 43 (0.41%) 4 (0.39%) 3(0.24%) 2 (0.09%) 225

death
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the cholecystectomy group as reference (cholecystectomy
with or without combined ERCP + cholecystectomy with
delayed ERCP). In the univariable analysis, adverse car-
diovascular event (OR 2.74, 95% confidence interval [CI]
1.95-3.84, p<0.001) and death (OR 4.10, CI 3.00-5.62,
p<0.001) were more frequent in the ERCP group. In the
multivariable analysis, adjusting for history of cardiovascu-
lar conditions or events, neither the risk for cardiovascular
complication (OR 1.12, CI 0.77-1.64, p < 0.548) nor death
within 30 days (OR 1.38, C10.97-1.96, p <0.071) remained
statistically significant in the ERCP group (Table 3).

Discussion

In this register-based study, we analyzed postoperative car-
diovascular complications in a large number of patients who
underwent surgical treatment for confirmed or suspected
CBDS. The study was based on prospectively assembled
population-based data from GallRiks covering a long period
of time. The study focused on the most common postop-
erative cardiovascular events i.e. myocardial infarct and/or
pulmonary embolus and/or cerebrovascular disease as well
as death within 30 days. Although the study could not show
any approach to be safer than the others, our results may help
in future treatment-decisions.

We decided to focus on and present only the incidence
of cardiovascular complications. There are differences in
the burden of cardiovascular disease between Sweden and

Table 3 Univariable and multivariable analyses of factors predicting
cardiovascular event and death within 30 days after surgical and/or
endoscopic treatment for confirmed or suspected CBDS in the Swed-

other parts of the world. U.S. and Swedish data diverge to
a lesser extent than what may be seen when the Western
World is compared to areas outside Western Europe and
North America [28].

The prevalence of gallstone-related symptoms, includ-
ing CBDS, in the population is high (7-15%) and high age
is a significant risk factor for prolonged hospital stay and
death after any procedure for gallstone removal [29, 30]. The
comorbidity rate in elderly patients undergoing treatment for
choledocholithiasis is high compared to younger patients
[31]. Frailty is a crucial risk factor, although it is difficult to
quantify. We consider age as surrogate measure for frailty,
although age and frailty only partly correlate.

Tobacco use and obesity are major risk factors that have
to be taken into account when estimating the risk for cardio-
vascular complications following a surgical or endoscopic
intervention. Even if smoking and BMI are included in the
ASA physical status they were not registered routinely in
GallRiks during the period of the study [32]. We also lack
data on medications, including anticoagulation. There was
no consistent predetermined national algorithm administra-
tion during the period of study. In Sweden the prevailing
routine is to interrupt anticoagulation therapy before surgery
and ERCP and restart anticoagulation postoperatively, but
each hospital follow their own local guidelines.

Anesthesia was not included as predictor in the present
study. It has though been explored in a recent study based
on GallRiks data which has shown more post-procedural
complications occurred after ERCPs performed under deep

ish National Quality Register for Cholecystectomy and Endoscopic
Retrograde Cholangiopancreatography (GallRiks) 2006-2014

Univariable

Cardiovascular complication

Death

Odds ratio (95% confidence p

Odds ratio (95% confidence P

interval) interval)
Age >80 years (ref < 80 years) 4.37 (3.20-5.60) <0.001 9.60 (7.20-12.79) <0.001
Men (ref women) 1.16 (0.85-1.59) 0.340 1.19 (0.91-1.55) 0.197
ASA I (ref)
ASATI 3.83 (2.16-6.79) <0.001 6.42 (3.08-13.35) <0.001
ASATII 9.82 (5.51-17.52) <0.001 31.39 (15.32-64.31) <0.001
ASA TV 26.03 (11.44-59.22) <0.001 150.02 (67.94-331.23) <0.001
ASAV - - 343.38 (32.20-3662.14) <0.001
History of cardiovascular disease or event® 10.20 (7.12-14.60) <0.001 6.25 (4.74-8.23) <0.001
ERCP (ref cholecystectomy)® 2.74 (1.95-3.84) <0.001 4.10 (3.00-5.62) <0.001
Multivariable Cardiovascular complication Death
ERCP (ref cholecystectomy)® 1.12 (0.77-1.64) 0.548 1.38 (0.97-1.96) 0.071

“History of myocardial infarct, heart failure, peripheral vascular disease, cerebrovascular event, diabetes with secondary complication or pulmo-

nary embolism

®In cases where ERCP as well as cholecystectomy were performed, allocation was determined by the primary procedure. If cholecystectomy and
ERCP were performed as one procedure, the procedure was allocated to the cholecystectomy group
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sedation compared to those performed under general anes-
thesia [33].

The five treatment groups in this study are not predeter-
mined and the affiliation to a certain group is dependent on
several heterogeneous factors such as complexity and status
of the biliary disease and preference of the deciding doctor
or local treatment regimes. Several strategies are employed
to manage CBDS disease, and methods and timing vary from
hospital to hospital [3]. Even if cholecystectomy combined
with rendezvous ERCP is standard in many departments,
the decision on which treatment is used for CBDS is usu-
ally based on local tradition and ERCP-competence. Before
the introduction of intraoperative rendezvous ERCP, it was
common that patients with CBDS were treated with a two-
stage procedure, either preoperative ERCP followed by chol-
ecystectomy or cholecystectomy followed by postoperative
ERCP [34]. There are still units where cholecystectomy
is performed on regular basis but where there is a lack of
ERCP resources and a two-stage procedure thus remains the
only choice [34].

Even if early cholecystectomy appears to be safe in
elderly, there is a tendency to choose minimally invasive
treatment methods such as ERCP when it comes to older,
frail patients with comorbidity [35]. No subsequent chol-
ecystectomy was registered for any of the 8790 patients with
ERCP as sole intervention. It is, however, possible that some
of the patients underwent cholecystectomy after the period
of the study. As a cholecystectomy at that late state could
not be expected to be performed with the aim of preventing
CBDS, we do not think that they are relevant for the aims
of the present study.

It is possible that procedure-related complications pre-
ceded the cardiovascular complications, which also has to be
taken into account when deciding on treatment of common
bile duct stones. Even if we believe that most complica-
tions are included, it can’t be excluded that registration of
some adverse events could have been missed in the analy-
sis regarding those patients who underwent both ERCP and
cholecystectomy as two separate interventions and with a
long interval between procedures.

In this study patients who were selected for ERCP were
older and had more comorbidity than patients in the other
treatment groups. Myocardial infarction, cardiac failure,
peripheral vascular disease, cerebrovascular event, diabetes
with secondary complication and pulmonary embolism were
strong predictors for cardiovascular complication and death
after surgical treatment for CBDS. We believe that the selec-
tion of frail patients and patients with greater comorbidity
for ERCP explains why ERCP was significant in univariate
analysis. In multivariable analysis, adjusting for history of
cardiovascular disease or events, neither risk for cardiovas-
cular complication nor death within 30 days remained sta-
tistically significant in the ERCP group.

@ Springer

Based on the results of this study we believe both ERCP
as well as cholecystectomy may be used for CBDS treatment
in the elderly with acceptable safety.
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Abstract Outcome of ERCP related to case-volume 210403

Background and Aims: In some studies, high endoscopic retrograde
cholangiopancreatography (ERCP) case-volume has been shown to correlate to high success
rate in terms of successful cannulation and fewer adverse events. The aim of this study was
to analyze the association between ERCP success and complications, and endoscopist and

centre case-volumes.

Methods: Data were obtained from the Swedish National Register for Gallstone Surgery and
ERCP (GallRiks) on all ERCPs performed for Common Bile Duct Stone (CBDS) (n=17873) and
suspected or confirmed malignancy (n=6152) between 2009 and 2018. Successful
cannulation rate, procedure time, intra- and postoperative complication rates and post-ERCP
pancreatitis (PEP) rate, were compared with endoscopist and centre ERCP case-volumes

during the year preceding the procedure as predictor.

Results: In multivariable analyses of the CBDS group adjusting for age, gender and year, a
high endoscopist case-volume was associated with higher successful cannulation rate, lower
complication and PEP rates, and shorter procedure time (p<0.05). Centres with a high annual
case-volume were associated with high successful cannulation rate and shorter procedure

time (p<0.05), but not lower complication and PEP rates.

When indication for ERCP was malignancy, a high endoscopist case-volume was associated
with high successful cannulation rate and low PEP rates (p<0.05), but not shorter procedure
time or low complication rate. Centres with high case-volume were associated with high
successful cannulation rate and low complication and PEP rates (p<0.05), but not shorter

procedure time.



Conclusions: The results suggest that higher endoscopist and centre case-volumes are

associated with safer ERCP and successful outcome.
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INTRODUCTION

Endoscopic retrograde cholangiopancreatography (ERCP) is the standard procedure to
diagnose and treat conditions in the biliary and pancreatic ducts such as common bile duct
stone (CBDS) and biliary tract malignancy. In unselected population-based settings,
successful cannulation is achieved in >85% of cases [1, 2]. The complexity of ERCP, however,
ranges from uncomplicated extraction of small stones to extremely challenging procedures
such as hilar stenting, electrohydraulic lithotripsy (EHL) for difficult stones, and oral
cholangioscopy or pancreatoscopy. ERCP complexity can be graded according to Schutz’s
criteria [3] or the Cotton classification [4]. The Cotton scale includes not only the complexity

of the endoscopic procedure but also the experience of the endoscopist.

Existing complexity grading scales lack validation, and to be able to compare results from
different endoscopic centres, and thereby allocate resources, a new ERCP complexity
grading scale, the H.0.U.S.E. classification was designed and developed at the Karolinska
University Hospital Huddinge in 2017. H.O.U.S.E. includes three ERCP categories: Category |,
uncomplicated ERCP; Category II, ERCP of intermediate complexity: and Category III, highly
complicated ERCP. The H.0.U.S.E. classification was shown to predict procedure time and to

some extent adverse events [5].

Several complications are associated with ERCP the most common being post-ERCP
pancreatitis (PEP) with a rate of 3.5-5% [1, 6-8]. The risk for developing PEP is correlated to
technical factors, complexity of the procedure, and patient-related variables [7-13].
Although PEP is widely accepted as the primary adverse outcome measure following ERCP,

the risk factors for PEP also are associated with other adverse events such as bleeding,



perforation, and other procedure-related complications. PEP may thus be considered a

surrogate endpoint for safety and success of ERCP.

Lack of experience has been shown to be associated with poor outcome in major surgical
procedures [14]. Likewise, larger ERCP case-volumes are associated with higher success rates
in terms of successful cannulation and fewer complications [2, 15-20]. Studies have shown
that high-volume ERCP centres have better results and lower complication rates than low-
volume centres [16, 17, 21, 22]. However, there are also data showing that low-volume units
can also perform safe ERCPs [23-25]. It is difficult to say whether theses conflicting results
depend on the experience of the endoscopist or routines at the centres where the ERCPs are
performed. Centralization of complex ERCPs to high-volume centres with highly experienced
endoscopists may well increase the safety and success of this procedure. Population-based

studies are needed to confirm this hypothesis.

The aim of this study was to compare highly and less experienced endoscopists as well as
high and low-volume centres, regarding successful cannulation rates, procedure times,
intraoperative complication rates, and postoperative complications rates within 30 days
(PEP, perforation and intra- and postoperative bleeding), of ERCPs performed for common

bile duct stone or malignancy.

MATERIALS AND METHODS

This study is based on data retrieved from the Swedish National Register for Gallstone
Surgery and ERCP, GallRiks, which was created 2005 under direction of the Swedish National
Board of Health and Welfare and the Swedish Surgical Society and administered by the

Uppsala Clinical Research Center (UCR). GallRiks covers about 90% of cholecystectomies and



ERCPs performed in Sweden, and practically all Swedish hospitals participate. Most of these
procedures are performed by surgeons, even if gastroenterologists are responsible for a
smaller proportion of ERCPs. Patient- and procedure-related data as well as intraoperative
complications and postoperative complications within 30 days are prospectively registered.
The completeness of 30-day follow-up is approximately 95%. GallRiks is regularly validated,
and the validation process and the results of national coverage are published each year [1,
26-28]. Consent from the patient to participate in register-based research is required for
registration in GallRiks. Patients are able to withdraw their personal data from the register at
any time. PEP was defined as: 1. typical abdominal pain; 2. serum amylase elevation >3 times
the upper limit longer than 24 h after ERCP; and 3. need for hospitalization according to the

Cotton criteria [7].

Data from GallRiks on all ERCPs 2009-2018 performed for common bile duct stone (n=17873)
and malignancy (n=6152), with complete registration and 30-day follow-up, were collected
and compiled. Procedures for any other indication, procedures on patients having
undergone previous ERCP since 2006, and rendezvous ERCPs were excluded from the
analysis (Fig 1). Associations between both endoscopist ERCP case-volume and centre
volume, and successful cannulation rate, procedure time, intraoperative complication rate,
and postoperative complication rate within 30 days (PEP, perforation, and intra- and
postoperative bleeding) were analyzed. Volumes were based on those during the year
preceding the observations. When calculating cumulative volume of ERCP procedures for

endoscopists and centers no ERCPs were excluded.



STATISTICS

Univariable and multivariable logistic regression analyses with the endpoints successful
cannulation, procedure time, intraoperative complication rate, and postoperative
complication rate within 30 days (PEP, perforation, and intra- and postoperative bleeding)
were performed with endoscopist and centre volumes as the variables. In the multivariable
logistic regression analyses, adjustments were made for gender, age, and year of ERCP. The
adjustments made in the multivariable analysis were based on assumptions of cause-effect
relationships. Analyses were made with volumes on log scales (n=0-4, 5-10, 11-20, 21-40, 41-
80, 81-160 or 161-320 for endoscopist and n=0-20, 21-40, 41-80, 81-160, 161-320 or >320

for centre).

RESULTS

ERCP for CBDS was more common in women (58.7%). Mean age of patients undergoing ERCP
for CBDS was 67.1 years. ERCP for malignancy was more equally distributed between the
sexes, mean age being 71.6 years. The proportion of procedures performed by an
endoscopist with an ERCP case-volume >80 the preceding year increased from 37% in 2009
to 40% in 2018. The proportion of procedures performed at a centre with an ERCP volume
>160 the preceding year increased from 70% in 2009 to 78% in 2018 (Table 1). Regarding
degrees of complexity of ERCPs performed by endoscopists and at centres with different
procedure volumes, no major changes occurred during the study period. Procedures
classified as H.0.U.S.E. Il or lll were performed at centres with a procedure volume >160 in

71% (n=1179) in 2009 and 83% (n=1493) in 2018. The percentage of procedures classified as



H.O0.U.S.E. Il or lll performed by endoscopists with an ERCP case-volume >80 increased from

41% (n=689) in 2009 to 47% (n=851) in 2018.

Regarding ERCP for CBDS, higher endoscopist ERCP case-volume as well as centre volume
were correlated to higher rate of successful deep cannulation of the bile duct, shorter
procedure time, lower intraoperative complication rate, lower postoperative complication
rate within 30 days, and lower PEP rate. In the multivariable analysis gender was not

significant when it came to procedure time (Table 2, Fig 2).

Regarding ERCP for malignancy, results were not as clear as for ERCP performed for CBDS.
Higher endoscopist volume and centre volume correlated with a higher rate of successful
deep cannulation of the bile duct, but not to shorter procedure time. Intraoperative
complication rate, postoperative complication rate within 30 days, and PEP rate were lower

at high-volume centres but endoscopist case-volume showed no correlation (Table 3, Fig 3).

DISCUSSION

In this study, based on prospectively retrieved data over a period of 10 years, the association
between ERCP case-volume, both endoscopist and centre, and successful cannulation,
procedure time and adverse events, were analyzed. This study focused on two well-
established indications for ERCP; CBDS and malignancy. The results show that acquired
experience has a great impact on ERCP outcome for the endoscopist, especially when
performed for CBDS. The pattern was not so clear for procedures performed for suspected

malignancy. At the centre level, annual volume was also associated with better outcome.



A limitation of this study is the accuracy of registration of data. Registration of incorrect
indication and incompleteness and low frequency of 30-day follow-up affect results and
outcome. Until recently, for example, it was possible to select jaundice as an indication for
ERCP in GallRiks, rather than the specific condition such as CBDS or malignancy. In order to
obtain a homogenous study population, we excluded all procedures carried out with unclear
indication, which to some extent limits the external validity. Regarding complicated ERCP
procedures, postoperative complication rate have been shown to be higher in units with a
more meticulous follow-up [29]. As yet, GallRiks has not been linked to the Swedish National
Patient Register (NPR), so some complications, particularly those occurring after 30 days,
may have been missed. However, it is more likely that most adverse events following ERCP

occur in the immediate postoperative period.

Choledocholithiasis is the most common indication for ERCP, and procedures for this
indication are performed at almost all hospitals in Sweden [1, 26]. Furthermore, the most
common management of CBDS detected by cholangiography during cholecystectomy is
intraoperative rendezvous ERCP [1, 30]. In these cases, access to the bile duct is facilitated
by an antegrade guidewire from the cystic duct to the duodenum, and the rate of
unsuccessful perioperative complications, particularly PEP, is low. We therefore chose to
exclude rendezvous ERCPs [31, 32]. Non-rendezvous ERCPs performed for CBDS may be
complicated; large impacted stones, for example, that require advanced methods such as
electrohydraulic lithotripsy (EHL). The majority of ERCPs for CBDS, however, are
uncomplicated and fall into the H.O.U.S.E. category | [5] or Cotton and Schutz Grade Il [3, 4].
Endoscopists with the greatest experience and centres with the highest volumes had the
highest cannulation success rate, shortest procedure times, and lowest complication rates

when the indication for ERCP was CBDS.



Results of ERCPs for malignancy did not show the same clear pattern as for CBDS. Even if
successful cannulation was more common for high-volume endoscopists and centres,
procedure times were longer and complication rates, including PEP, were paradoxically
higher for endoscopists who performed many ERCPs. ERCP for the diagnosis and treatment
of malignancy is often more complicated than ERCP for CBDS, especially if the malignancy is
intrahepatic. These procedures are associated with greater risk and higher adverse event
rates. ERCP for malignancy is graded at least H.O.U.S.E. Il, Schutz IV or Cotton lIl [3-5]. The
paradoxal results of ERCPs performed for malignancy by more experienced endoscopists,
with longer procedure times and higher complication rates, may be explained by selection
bias. In general, the most experienced high-volume endoscopist performs the most complex
and time-consuming ERCP procedures that have the greatest risks for adverse events.
Furthermore, high-volume endoscopists use more advanced ERCP techniques such as
needle-knife sphincterotomy, and are more likely to persevere longer and spend greater

effort cannulating the bile duct before giving up [33].

Case-volume is an important issue in ERCP-training, and it is important that the training of
future advanced endoscopists is carried out at high-volume center-volume centres. The
learning curve among trainees in advanced endoscopy varies significantly. The success rates

of trainees performing ERCP, however, increase with increasing experience [34, 35].

This study suggests that greater endoscopist experience and higher centre case-volume are

associated with safer and more successful ERCP performance.
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Figure 1. Flow chart showing study group assembly.

All ERCPs registered in GallRiks 2009-2018

n=_80904

Rendezvous ERCPs
n =5995

ERCPs registered in GallRiks, not rendezvous

n=74909
Repeated ERCP after first procedure
> 2006-2018
n =27 649

First ERCP performed
n =47260

ERCPs performed for CBDS
n=17873

ERCPs with other indication than CBDS
or malignancy
n=23235

ERCPs performed for malignancy
n=6152




S131303.40und d)¥3-150d sAbp o€ uryam suoipaijdwod aniapiadoisod pup -paauf

Ajjenuue pawiopad dy3 jo Jaquiny Ajjenuue pawiopad doy3 jo JIaquiny Ajlenuue pawiopad dJy3 4o Jaquiny Ajlenuue pawiopad dy3 4o Jaquiny
0Ze< 0ZE-TOT 09T-18 08-Tr O-IZ 070 0Ze-TOT 09T-T8 08Iy Ov-TZ 0ZTL OIS 0ze< 0ZE-TOT 09T-I8 08-Tv Or-IZ 070 0ZET9T 09T-18 08-T¢ Ov-TZ O0ZTT OIS
%0 %0 %0 %0
%T %T %T %T
%Y %t ey *
%9 %9
%9 %9
%8 %8
%8 %8 wor %ot
%0T %0T %CT
%CT
%L %CT %bT L
awi3 31npadoid 19np 3)1q Jo uonpnuupI daap (nfssannsun
Ajjenuue pawiopiad doy3 jo JaquinN Ajlenuue pswiiopiad 4oy3 Jo JaquinN Ajlenuue pawiopad doy3 Jo JaquinN Ajjlenuue pswiopad d2y3 jo JequinN
0ze< OZeT9T 09T-18 08-Tv  Ov-IZ 070 oze 0Z€< 0ZETIL 09T-18 08-Tv Ov-IZ  0Z0 0Z€-T9T 09118 08-Iv Ov-TZ 0CIT 0TS  v0
o -I9T  09T-18 08Iy Ov-IZ OCTIL 0T-9 %0 %0
s O %T %2
or _m= %t %
st 2 ST %9 %9
=5 (14 W. %8 %
= 5 %8
st g sz g
oe " g %01 %0T
s¢ = %L %L
ov or %bT %bT
St St %91 %9T
d \vJ 9 aJ1uad=9g v

‘1s1dodsopu=Yy ‘awWo2IN0 se (d3d) siHieasdued dDy3-1sod pue sAep Qg uiyum suoliedljdwod aallesadolsod pue -esjul ‘(uonejnuued dasp |nysssonsun

se pajeJ1sn||l 24nd1y Siyl ul) 19Np 3|1q J0 uone|nuued dasp |NYssa2ans Yiim ainpadold syl Suipadaid sead ayiy Sulinp (243uad pue 1s1dodISOpuUd) SSWN|OA

dD¥3 Jo sasAjeue uoissaidal 0115180| S|geLIBAI}NW pUe d|gelIBAIUN "BWOIN0 Se uoliednp ainpadosd yum ainpasoud ay) Suipadaud Jeah syl Sulinp (a43uad pue
151doosopua) Sawn|oA dJY3 4O sasAjeue uOISSa43aJ Jeaul| 3|gelJeAllnW PUe S|gEIIBAIUN "BUO1S 1ONP 3|IG UOWWOD Uo1edIpuUl YUM 8T0Z-600C SdDY3 "Z 24nS14



S13130340und dHY3-150d sAbp 0g uiyam suoipaljdwod anjpiadoisod pup -piauf

Ajlenuue pawiopiad ddy3 jo J;aquiny Ajjenuue pawiopad ¢oy3 jo JaquinN Ajlenuue pawiopiad 4oy3 Jo JaquinN Ajlenuue pawiopiad dJy3 jo 12quinN
0Z€< OZE-TIT 09T-I8 08-Ir OV-IZ 070 0ZE-T9T 091-18 08Ty Ov-Tz 0ZIT OIS 0 0Ze< OZETIT 09T-I8 08-Ir Ov-IZ 00 0Ze-T9T 09T-18 08-Iv Ov-IZ O0ZIL 00§  v0
%0 %0 %0 %0
H %T %T L3 £
%Y %Y
%b %b %9 %9
%9 %9 %8 %8
o . %0T %0T
%L %L
£ s %rT %Y1
%L %L %9T %9T
awi3 31npadoid 19np 31q Jo uonpinuupI daap (nfssa2dnsun
Ajjenuue pawiopad doy3 jo JaquinN Ajjenuue pawiopad doy3 jo saquinn Ajlenuue pawiopad doy3 Jo 1equinN Ajlenuue pawiopad d¥3 Jo JaquinN
0Ze<  OZETIT 09T-I8 08-Iv  Ov-IZ  0Z0 oze 0Z€< 0ZETIT 09T-I8 08-Iv OV-IZ 00 0ZE-T9T 091-18 08-Iv Ov-IZ 0ZIT 01§  v0
0 -I9T  09T-18 08-I¥ Oy-IZ O0ZIT OI9 %0 %0
o
o %01 . %0T
ot
oz %0T %0T
oz
o W = -
H Ot 5 %0€ 4 %0E.
or S
e o T 9
os & @ %0t %0p
09 09 %05 %05
oL oL %09 %09

2J1ud)=g ‘1s1dodsopui=Yy ‘dwWo0IIN0 se (d3d) simieasdued doy3-1sod pue sAep o€ uiyum suonedljdwod annesadolsod pue -esjul ‘(uonejnuued dasp
|Ngssa2oNsuUN Sse palesisn||l 34nSi4 SIY3 Ul) 31oNp 3|iq JO uolle|NUUEd daap |NJSsa22NS YHUm aunpadoud ayi Suipadald Jeah syl Suinp (243ud pue 1sidodsopus)
S9WN|OA dDY3 JO sasAjeue uoissaudad 2135180| 9|gelIeAl}NW pue S|gelIBAIUN "SWOIN0 Se uolleinp aunpadosd yum ainpadosd syl Suipadaid Jeah ay3 Sulinp
(42u32 pue 151doIsopuUd) SBWN|OA dD¥HT JO SasAjeue uoIssauSal Jeaul| d|qelieAl}nw pue ajgqeliealun "Adueusijew uoleslpul Yum gT02-600Z SdJH3 ‘€ 24n3i4



Table 1. Baseline characteristics of the cohort 2009-2018

ERCP for common bile duct
stones (N=17873)

ERCP for malignancy (N=6152)

Gender
Men 7373 (41.3%) 2944 (47.9%)
Women 10492 (58.7%) 3206 (52.1%)
Unknown 8 (<0.01%) 2 (<0.01%)

Mean age, years 67.1 (y) 71.6 (y)

Year of ERCP
2009 1260 (7.0%) 538 (8.7%)
2010 1786 (10.0%) 497 (8.1%)
2011 1872 (10.5%) 515 (8.4%)
2012 1757 (9.8%) 559 (9.1%)
2013 1799 (10.1%) 613 (10.0%)
2014 1905 (10.7%) 583 (9.5%)
2015 1905 (10.7%) 652 (10.6%)
2016 1924 (10.8%) 783 (12.7%)
2017 1881 (10.5%) 669 (10.9%)
2018 1784 (10.0%) 743 (12.1%)

Number of ERCPs performed
by endoscopist previous year

0-5

467 (2.6%)

109 (1.8%)

6-10 423 (2.4%) 98 (1.6%)
11-20 1111 (6.2%) 255 (4.1%)
21-40 2726 (15.3%) 816 (13.3%)
41-80 6884 (38.5%) 2230 (36.2%)
81-160 5483 (30.7%) 2247 (36.5%)
161-320 779 (4.4%) 397 (6.5%)

Number of ERCPs performed at
centre previous year

0-5 50 (0.3%) 8 (0.1%)
6-10 76 (0.4%) 6 (0.1%)
11-20 215 (1.2%) 34 (0.6%)
21-40 410 (2.3%) 97 (1.6%)
41-80 1368 (7.7%) 418 (6.8%)
81-160 3398 (19.0%) 1050 (17.1%)
161-320 8098 (45.3%) 2712 (44.1%)
>320 4258 (23.8) 1827 (29.7%)




Table 2. ERCPs 2009-2018 with indication common bile duct stone. Univariable and multivariable

linear regression analyses of ERCP volumes (endoscopist and centre) during the year preceding

the procedure with procedure duration as outcome. Univariable and multivariable logistic
regression analyses of ERCP volumes (endoscopist and centre) during the year preceding the

procedure with successful deep cannulation of bile duct, intra- and postoperative complications
within 30 days and post-ERCP pancreatitis (PEP) as outcomes.

Endoscopist case-volume

Centre case-volume

Outcome Univariable Multivariable Outcome Univariable Multivariable
Odds ratio (95% | p Odds ratio (95% | p Odds ratio (95% | p Odds ratio (95% | p
cl) cl) cl) cl)

Successful deep cannulation of bile duct

Endoscopist annual 1.187 (1.172- <0.001 1.093 (1.078- <0.001 | Centre annual 1.083 (1.037- <0.001 | 1.084 (1.038- <0.001

ERCP volume 1.202) 1.108) ERCP volume 1.131) 1.133)

Women (reference 1.112 (1.072- <0.001 1.116 (1.076- <0.001 Women 1.112 (1.072- <0.001 | 1.110(0.999- 0.053

men) 1.153) 1.158) (reference men) | 1.153) 1.233)

Age (years) 0.997 (0.996- <0.001 | 0.997 (0.996- <0.001 | Age (years) 0.997 (0.996- <0.001 | 0.995 (0.992- 0.002
0.998) 0.998) 0.998) 0.998)

Year of ERCP 1.015 (1.010- <0.001 1.012 (1.007- <0.001 Year of ERCP 1.015 (1.010- <0.001 | 0.998(0.980- 0.846
1.021) 1.017) 1.021) 1.017)

Intra- and postoperative complications within 30 days

Endoscopist annual 0.951 (0.913- 0.015 0.950 (0.912- 0.013 Centre annual 1.007 (0.962- 0.775 1.006 (0.961- 0.794

ERCP volume 0.990) 0.989) ERCP volume 1.053) 1.053)

Women (reference 1.164 (1.048- 0.005 1.134 (1.020- 0.020 Women 1.164 (1.048- 0.005 1.133(1.019- 0.021

men) 1.292) 1.261) (reference men) | 1.292) 1.259)

Age (years) 0.992 (0.989- <0.001 | 0.992(0.989- <0.001 | Age (years) 0.992 (0.989- <0.001 | 0.992 (0.989- <0.001
0.995) 0.995) 0.995) 0.995)

Year of ERCP 1.014 (0.996- 0.126 1.02 (0.99995- 0.051 Year of ERCP 1.014 (0.996- 0.126 1.018 (0.999- 0.058
1.033) 1.037) 1.033) 1.037)

Post-ERCP pancreatitis

Endoscopist annual 1.044 (1.018- <0.001 1.028 (1.002- 0.034 Centre annual 0.953 (0.901- 0.099 0.954 (0.902- 0.103

ERCP volume 1.070) 1.054) ERCP volume 1.009) 1.010)

Women (reference 1.267 (1.188- <0.001 1.251(1.173- <0.001 | Women 1.267 (1.188- <0.001 | 1.311(1.137- <0.001

men) 1.351) 1.334) (reference men) | 1.351) 1.511)

Age (years) 0.982 (0.981- <0.001 | 0.983(0.981- <0.001 | Age (years) 0.982 (0.981- <0.001 | 0.983 (0.980- <0.001
0.984) 0.985) 0.984) 0.987)

Year of ERCP 1.036 (1.027- <0.001 1.034(1.025- <0.001 | Year of ERCP 1.036 (1.027- <0.001 | 1.011(0.987- 0.382
1.046) 1.043) 1.046) 1.035)

Procedure duration (minutes)
Standardized p Standardized p Standardized p Standardized p
coefficient beta coefficient beta coefficient beta coefficient beta

Endoscopist annual -2.574 (-2.824-- | <0.001 | -2.579(-2.828-- | <0.001 | Centre annual -2.523 (-2.796-- | <0.001 | -2.583(-2.855-- | <0.001

ERCP volume 2.323)) 2.330) ERCP volume 2.250) 2.310)

Women (reference -0.121(-0.751- 0.706 0.369 (-0.255- 0.246 Women -0.121(-0.751- 0.706 0.286 (-0.339- 0.370

men) 0.509) 0.993) (reference men) | 0.509) 0.911)

Age (years) 0.083 (0.066- <0.001 | 0.081 (0.064- <0.001 | Age (years) 0.083 (0.066- <0.001 | 0.081 (0.065- <0.001
0.100) 0.097) 0.100) 0.098)

Year of ERCP 0.277 (0.165- <0.001 0.274 (0.164- <0.001 | Year of ERCP 0.277 (0.165- <0.001 | 0.330(0.220- <0.001
0.3881) 0.384) 0.3881) 0.441)




Table 3. ERCPs 2009-2018 with indication malignancy. Univariable and multivariable linear regression
analyses of ERCP volumes (endoscopist and centre) during the year preceding the procedure
with procedure duration as outcome. Univariable and multivariable logistic regression analyses of
ERCP volumes (endoscopist and centre) during the year preceding the procedure with
successful deep cannulation of bile duct, intra- and postoperative complications within 30 days and
post-ERCP pancreatitis (PEP) as outcomes.

Endoscopist case-volume

Centre case-volume

Outcome Univariable Multivariable Outcome Univariable Multivariable
Odds ratio (95% | p Odds ratio (95% | p Odds ratio p Odds ratio (95% | p
cl) ) (95% Cl) )
Successful deep cannulation of bile duct
Endoscopist annual 1.158 (1.100- <0.001 | 1.155(1.097- <0.001 | Centreannual | 1.153(1.088- <0.001 1.143 (1.078- <0.001
ERCP volume 1.218) 1.216) ERCP volume 1.222) 1.212)
Women (reference 1.007 (0.890- 0.907 1.029 (0.908- 0.655 Women 1.007 (0.890- 0.907 1.029 (0.908- 0.653
men) 1.140) 1.166) (reference 1.140) 1.166)
men)
Age (years) 0.993 (0.988- 0.018 0.994 (0.988- 0.020 Age (years) 0.993 (0.988- 0.018 0.994 (0.988- 0.027
0.999) 0.999) 0.999) 0.999)
Year of ERCP 1.024 (1.002- 0.032 1.024(1.002- 0.033 Year of ERCP 1.024 (1.002- 0.032 1.021 (0.999- 0.065
1.046) 1.046) 1.046) 1.043)
Intra- and postoperative complications within 30 days
Endoscopist annual 1.068 (0.984- 0.118 1.062 (0.978- 0.151 Centre annual | 1.206 (1.092- <0.001 1.186 (1.074- 0.001
ERCP volume 1.159) 1.153) ERCP volume 1.331) 1.309)
Women (reference 1.071(0.893- 0.461 1.105 (0.920- 0.285 Women 1.071(0.893- 0.461 1.105 (0.920- 0.285
men) 1.285) 1.328) (reference 1.285) 1.328)
men)
Age (years) 0.989 (0.981- 0.002 0.988 (0.981- <0.001 | Age (years) 0.989 (0.981- 0.002 0.989 (0.982- 0.004
0.996) 0.996) 0.996) 0.997)
Year of ERCP 1.036 (1.004- 0.029 1.037 (1.004- 0.027 Year of ERCP 1.036 (1.004- 0.029 1.032 (1.000- 0.052
1.070) 1.071) 1.070) 1.066)
Post-ERCP pancreatitis
Endoscopist annual 1.190 (1.056- 0.004 1.179 (1.045- 0.008 Centre annual | 1.425 (1.230- <0.001 1.362 (1.174- <0.001
ERCP volume 1.341) 1.330) ERCP volume 1.651) 1.579)
Women (reference 1.220 (0.949- 0.120 1.313 (1.020- 0.035 Women 1.220 (0.949- 0.120 1.303 (1.011- 0.041
men) 1.567) 1.692) (reference 1.567) 1.679)
men)
Age (years) 0.974 (0.965- <0.001 | 0.973(0.963- <0.001 | Age (years) 0.974 (0.965- <0.001 0.974 (0.965- <0.001
0.984) 0.982) 0.984) 0.984)
Year of ERCP 1.117 (1.067- <0.001 1.122 (1.072- <0.001 | Year of ERCP 1.117 (1.067- <0.001 1.114 (1.064- <0.001
1.169) 1.175) 1.169) 1.167)
Procedure duration (minutes)
Standardized p Standardized P Standardized p Standardized p
coefficient beta coefficient beta coefficient beta coefficient beta
Endoscopist annual -0.207 (-0.768- 0.470 -0.288 (-0.848- 0.312 Centre annual | -0.365 (-1.000- 0.260 -0.637 (-1.274-- | 0.050
ERCP volume 0.354) 0.271) ERCP volume 0.270) 0.001)
Women (reference -1.737 (-3.026- - | 0.008 -1.607 (-2.899- 0.015 Women -1.737 (-3.026- 0.008 -1.614 (-2.907- 0.014
men) 0.448) -0.314) (reference -0.448) -0.322)
men)
Age (years) -0.098 (-0.153-- | 0.001 | -0.100 (-0.155-- | <0.001 | Age (years) -0.098 (-0.153- | 0.001 | -0.102(-0.158-- | <0.001
0.042) 0.044) -0.042) 0.047)
Year of ERCP 0.724 (0.500- <0.001 | 0.741(0.516- <0.001 | Year of ERCP 0.724 (0.500- <0.001 0.758 (0.533- <0.001
0.949) 0.965) 0.949) 0.984)












